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Sesavali  
 

Temis aqtualoba:  heterociklur n aerTTa qimia erT -erTi yvelaze 
mimzidveli da mniSvnelovani sferoa o rganul qimiaSi, razec metyvelebs is 
faqti, rom cnobili da far Tod gamoyenebuli samkurnalo preparatebidan 
daaxloebiT 60% heterociklur naerTebs warmoadgens. am mimarTulebiT 
saintereso kvlevebi dResac grZel deba, vinaidan samkurnalo saSualebebis 
Seqmna iseTi daavadebebisaTvis, rogo ricaa SeZenili imunodeficitis sindromi 
(Sidsi), avTvisebiani simsivne, tu berkulo zi da mravali sxva jandacviTi 
problema, romlebic aucilebel da saswrafo gadawyvetas moiTxovs, 
dRevandeli msoflios yu radRebis centrSia.  

yoveli qimiura d modificirebuli, potenciuri samkurnalo nivTiereba 
gadis pirvelad skrinings ama Tu im biologiuri aqtiurobis gamovlenis 
mizniT, ramac gamoiwvia  sinTezuri samuSaoebis stimulireba , gansakuTrebiT, 
heterociklur i  naerTebis sferoSi. maT Soris mniSvnelovani adgili  indolis 
nawarmebs  ukavia.  

indolis fragmentebis Semcveli axali hetero cik luri siste mebi sa Tu 
mniSvnelovani indoluri nawarmebis funqciuri da struq tu ruli ana logebis 
sinTezis mizniT msoflio masStabiT mimdinare in ten siuri gamokvlevebis 
Sedegad dagrov da mravali sain te re so mecni eruli faqti da aRmoCenil iqna 
biologiurad aqtiur nivTi er ebaTa far To rigi. zogierTi maTgani danergilia 
samedicino praqtikaSi. cnobilia maTi antibaqteriuli, anti mikrobuli, 
anTebis sawinaaRmdego da sxva sa xis  aqti uroba.  am rigSi gvxvdeba antidep re -
santebi, tran kvi li za to rebi, cent ra luri nervuli sistemis  receptorebis  
blokatorebi. bolo aT wleulebis monacemebiT arilindolebis nawarmebs So -
ris napovnia rigi da avadebebis mkurnalo bisaTvis mniSvnelovani Zlier moqmedi 
da sele qci uri mainhi birebeli unaris mqone naerTebi. am mxriv, pirvel rigSi, 
aRsaniSnavia, rom  2-arilindolebis  nawarmebs aqvT antiestro genuli, ada mianis 
5-HT (serotonini) -receptorebisa da tubu linis in hi bi rebis unari, rac am 
rigis naerTebis antik ancerogenul da Sidsis sawinaaR mdego aqti urobas gana -
pirobebs. 4 ',5-diacetoqsi -1-eTil -2-fenil -3-eTilindoli war matebiT gamoiyeneba 
kibos zogi erTi saxeobis qimi o TerapiaSi. aR saniSnavia, rom arilindolebis 
nawarmebi ar miekuTvneba mom wamlav niv Tiere baTa jgufs.  

2-fenilindols da mis zogierT nawarms aRmoaCndaT agreTve Tana medrove 
teqnikisaTvis saWiro Zvirfasi Tvisebebi: 2 -fenilindoli gamo i yeneba plastma -
sebis warmoebaSi  antioqsidan tu ri danamatis saxiT, uve r cxlo fotomasalebSi 
da informaciis Cam wer holografiul kompo zi ciebSi, xolo  4',6-diamidino -2-
fenilindoli Ł Zlieri luminofori, romels ac  ujredis membranasTan 
SekavSirebis un ari  aqvs, safuZvels uqmnis mikrobi o logiur gamokv le vebSi 
Tanamedrove lumi nescentu ri mikrosko piis gamoyenebas.  am nivTierebas 
aRmoaCnda maRali simsivnis sawinaaRmdego aqtiuroba c . 2-fenilindolebis  
rigSi aRmo Ceni lia  sxva, ara nak lebad sain te reso, naerTebi.      

yovelive zemoTqmulidan gamomdinare, migvaCnia, rom aRniSnuli na -
erTebis rigis gafarToeba izome ruli arili ndo luri sis temebisa da maTi 
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nawarmebis sinTezis gziT, axali, Zvir fasi Tvisebebis mqone naerTebis 
gamovlenis mizniT aqtualur samec nie ro -gamoyenebiT problemas warmoadgens.  

samuSaos mizani:  CvenTvis saintereso iyo gagvefarTovebina kvlevebi ze -
moT aRniS nuli mimarTulebiT. kerZod, gangverxocielebina axali arilindo -
lu ri sistemebis sinTezi, Segveswavla maTi Tvisebebi da am rig Si gamogvevli -
na sasargeblo Tvisebebis mqone nivTierebebi.  

warmodgenili samuSaos mizans Seadgens 5 -fenilindolebis, 2,5 -diarilin -
do lebis, aseve arilur fragmentSi ori Camnacvleblis Semcveli 2 -arilindo -
lebis sinTezis preparatuli meTodebis damuSaveba.  

oTxbirTviani kondensirebuli sistemis _ indolobenzo[ b]furanis rigSi 
2-fenilindolis analogebis miReba.  

sinTezirebuli arilindolebis qimiuri T visebebis Seswavla eleqtro -
filuri Canacvlebis reaqciebis magaliTze.  

Camnacvlebeli jgufebis gavlenis xasiaTis dadgena eleqtrofiluri 
Canacvlebis reaqciebis mimdinareobaze.  

5-fenilindolis warmoebulebis gverd iTi jaWvis gardaqmnebi . 
mecnieruli siaxle:  e. fiSeri s reaqciiT sinTezirebulia arilur frag -

mentSi rogorc erTi, ise ori Camnacvleblis Semcveli axali 2 - da 5 -arilin -
do lebi, agreTve, 2,5 -diarilindolebi.  

dadgenilia hidrazinuli da ketonuri fragmentebis Cam nacvleblis 
eleqtronuli bunebis gav lenis Taviseburebani  arilhidrazonebis indoli -
zaciis reaqciaze.  

Seswavlilia arilhidrazonebis indolizaciis reaqciis msvleloba 
ultrabgeriTi aqtivaciis pirobebSi.  

Seswavlilia  indolobenzo[ b]furanis 2 -ari l nawarmebis sinTezis SesaZ -
leb loba fiSeris reaqciis mixedviT.  

Seswavlilia  2-eToqsikarbonil -5-fenilindolisa da 2 -(2',5'-dihidroqsi fe -
nil )indolis warmoebulebis eleqtrofiluri Canacvlebis reaqciebi: formi -

li reba, aminomeTilireba, azo SeuRleba, nitrozireba, N-alkilireba.  
sinTezirebulia 2 -fenil in dolis cnobili, biologiurad aq ti uri na war -

mebis struqturuli 5 -fenilanalogebi Ł fo r mil -, nitrozo -, arilazo - da 
alkilis jgufebis Sem cveli axali  5-fenil indolebi . 

ganxorcielebulia 3 -formil -5-fenilindolis kondensaciis reaq ci ebi 
nukleo filur reagentebTan.  

sinTezirebulia piridazino indoluri sistemis 8-fenil nawarmi. 
Seswavlilia 5-fenil -indol -2-il -karbonmJavas qloranhid ri dis reaqciebi 

pirvelad amin ebTan da hidrazinis nawarmebTan.   
sinTezirebulia  5-fenil in dolis axali nawarmebi  Ł poten ci uri biolo -

gi uri aqtiurobis mqone azomeTin i , amidi , hidrazonebi da hidrazidebi.  
sinTezirebuli naer Tebis struqtura Seswavlilia  instrumentuli me To -

debiT.  
Seswavlilia 2-(2',5'-dihidroqsi fe nil )indolisa da misi 5 -Canacvlebuli 

nawarmebis antioqsidanturi aqtiuroba.   
praqtikuli mniSvneloba: SemuSavebulia axali 2 - da 5 -arilindoleb isa 

da maTi nawarmebis sinTezis preparatuli meTodebi ;  
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eleqtrofiluri Canacvlebis reaqciis safuZvelze sinTezirebulia 
gverdiT jaWvSi ori hidroqsilis jgufis Semcvel i axali indoluri 3 -
arilazosaReb rebis rigi. aratradiciuli azoSeuR lebis reaqciiT miRebulia 

aseve 2-eToqsikarbonil -5-fenilindolisa da misi N-meTilwarmoebulis 3 -aril -
azo naerTebi ; 

sinTezirebulia biomakromolekulebis potenciuri interkalatoris Łpi -
ri dazinoindolis warmoebuli ; 

sinTezirebul naerTebs Soris gamovlenilia antioqsid anturi Tvise be-
bis mqone nivTierebebi.  

naSromi gadmocemulia 129 nabeWd gverdze. igi Sedgeba Sesav lis ( 3 gv), 
literaturi s mimoxilvis ( 37 gv), eqsperimentuli monacemebis gansjis ( 64 gv), 
eqsperimentuli nawili s (11 gv), daskvnis ( 1 gv) da gamoyenebuli litera tur i s 
nusxisagan (21 7 dasaxeleba, 12 gv) da Seicavs 96 sqemas, 8 cxrils da 2 3 naxazs. 

sqemebis da nivTierebebis numeracia I da II TavebSi, literatur i s 
mimoxilva da esqperimentuli monacemebis gansja, avtonomiuria, nivTierebaTa 
numer acia II da III TavebSi , eqsperimentuli monacemebis gansja da esqpe ri men-
t uli nawili, Seesabameba erTmaneTs.  
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Tavi 1.  literaturis mimoxilva  
 

winamdebare mimoxilva eZRvneba iseTi arilindoluri sistemebis sin Te-
zi sa da Tvisebebis Sesaxeb monacemebis g aanalizebas, romlebic ari lur 
fragments Seicaven indolis me -2, an me-5, an orive naxSirbadTan  erTdroulad . 
am tipis  arilindoluri sistemebi an maTi iseTi izomerebi, rom le bic 
Tavisufal ɓ-naxSirbadatomebs Seicaven, saintereso sakvlev obi eqtebs 
warmoadgenen mniSvnelovani biologiurad aqtiuri indoluri (bu nebrivi da 
sinTezuri) naerTebis arilanalogebis misaRebad. aseTi na er Tebis miRebis 
meTodebis damuSavebisas sxvadasxva avtorebis mier miRe bulia araerTi 
saintereso samecniero monacemi.  mravali saintereso samecni ero monacemia 
miRebuli, agreTve, am tipis naerTebis qimiuri Tvisebebis Ses wavlisas. 
mniSvnelovania am gziT miRebuli axali indoluri naerTe bis biologiuri da 
farmakologiuri aqtiurobis gamokvlevis Sedegebic. ara nakleb sainteresoa 
iseTi arilindole bis qimia da farmakologia, rom le bic arilur 
Camnacvlebels indolis ɓ-naxSirbadatomTan Seicaven. ase ve sainteresoa iseTi 
arilil Canacvlebuli indolSemcveli sam - da metbirTviani kondensi re buli 
heterocikluri sistemebis miReba da gamokvleva, romlebSic indo lis birTvi 
anelirebulia sxva heterociklTan pirolis an benzolis bir Tvebis meSveobiT.  

Cveni azriT, aRniSnuli arilindoluri da kondensirebuli siste mebi Se -
i caven indolis msgavs, an misgan mcired Tu didad gansxvavebul ele qtro nul 
sistemas. miTumetes, Tu es naerTebi Seicaven sxvadasxva fun qci ur jgufebs, 
rom lebsac SeuZlia aRniSnul erTian heterociklur sis temaSi eleqtronuli 
simkvriveebis ganawilebis xasiaTis Secvla, ra sac, bunebrivia, moh yveba sis te -
mis Tvisebebis Sesabamisi cvlileba. SesaZ le belia ma T aR moaCndeT zemoT nax -
senebi cnobili naerTebisgan mkveTrad gan sxvavebuli Tvisebebi. Tum ca, Cveni 
az riT, am sakiTxis Seswavla far To masStabian problemas war moadgens da am -
denad erTi samecniero ga mokvle vis farglebs scildeba, amitom Cve ni yu rad -
Reba SevaCereT zemoT nax seneb 2- da 5 -arilinolebisa  da kondensi re bul 
azot Semcvel sistemebze.  

samecniero literatura moicavs didi raodenobiT masalas arilindo le -
bis rogorc sinTezis meTodebis, aseve maTi qimiuri gardaqmnis reaqciebis Se -
saxeb. am sferoSi ukanasknel wlebamde gamoqveynebul samecniero masalasTan 
er Tad, winamdebare mimoxilvaSi gaanalizebulia ukanaskneli wlebis miR weve-
bic. cxadia, is ar warmoadgens yovlismomcvels.  
 

 
1.1. arilindoluri sistemebis sinTezi  

 
indolis birTvi sasicocxlo fas eulobebis mqone mraval bunebriv pro -

du qtSia napovni. mravalmxriv sasargeblo Tvisebebis gamo indoluri sis -
temebi kvlav ipyrobs sinTetikosebis yuradRebas. dRemde interess inar Cunebs 
indo lis birTvis sinTezis tradiciuli meTodebis daxvewa. samecniero kvle ve-
bis efeqturi ganviTarebisaTvis aseve saWiroa axali da ga umjobesebuli meTo -
debis SemuSaveba. 
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ukanaskneli ramdenime aTwleulis ganmavlobaSi SemuSavebulia in do lis 
bir Tvis sinTezis araerTi meTodi. mimoxilviT statiebSi [1 -4] Tav moyrilia da 
sis tematizire bulia Teoriuli da eqsperimentuli kvlevebis Se degebi aqtu -
alu ri mimarTulebiT _ indoluri sistemebis, maT Soris aril indolebis sin -
Tezi. zogierTi maTgani warmoadgens iseTi klasikuri me To debis modif i kaci -
ebs, rogoricaa fiSeris, biSleris, madelungis me To debi, zogierTs ki _ indo -
lis qimiaSi analogebi ar gaaCnia.  

 Cven, kidev erTxel, mokled, mimovixilavT adreul monacemebs da yu -
radRebas gavamaxvilebT, upiratesad, bolo wlebis ganmavlobaSi gamo qveyne-
bul cnobebze arilindoluri sistemebis sinTezis meTodebisa da maTi qimi u-
ri Tvisebebis Se saxeb. 
 

 
1.1.1. 2-arilindolebis sinTezi  

1.1.1.1. fiSeris meTodi  
 

hidrazinis warmoebulebis gardaqmnebs Soris gansakuTrebuli ad gi li 
ukavia reaqciebs, romlebic mimdinareobs N-N bmis gaxleCiT. maT So ris didi 
mniSvneloba aq vs karboniluri naerTebis arilhidrazonebis mJa vur -katalizur 
gadajgufebas indolis warmoebulebis warmoqmniT _ e. fi Seris reaqcias. am 
re aqciis dReisaTvis aRiarebuli zogadi meqaniz mi [5] warmodgenilia sqema 1 -
ze. 

xangrZlivi drois ganmavlobaSi sadiskusio Te mas warmoadgenda fiSeris 
reaqciis meqanizmis erT -erTi safexuris Ł axali C-C bmis war moqmnis xasiaTis 
dad gena: CaeTvalaT is sigmatropul gadajgufebad,  mo le kulaTSoris nuk le -
ofi lur reaqciad [6], Tu procesad, sadac xdeba  N-pro tonirebuli en hidra zi -
ni s eleqtrocikluri reaqcia [7 -10] da sxva.  
 

sqema 1 
 

NH
N

NH
NH

R2

R1

NH
NH2

R2

R1

NH

H
R1

NH2

R2

N
H

R1

R2
NH2

N
H

R1

R2

-NH4

R2

R1

- H+

H+

I II II I

IV V

H++

 
 
indolizaciis reaqciis ZiriTadi safexurebis mimdinareobis Sesaxeb ga -

moTqmuli sxvadasxva mosazreba, romlebic argumentirebulia rogorc Teori u-
lad, ise eqsperimentulad, ganxilulia SromaS i [11].  
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am reaqciis meqanizmis sakvanZo stadias warmoadgens III safexuri, N-N 
bmis gaxleCa da axali C-C bmis warmoqmna [7,8,10,12-14]. 

fiSeris reaqciis meqanizmis kanonzomierebis dadgenas mravali Sroma mi -
eZRvna. iaponel mecnierTa mier [15 -17] Catarebulia  farTo kvleviTi samuSaoebi 
feni lis birTvSi sxvadasxva eleqtronuli bunebis mqone Camnacvleblebis Sem -
cvel ketonTa 1,1 -diarilhidrazonebis ciklizaciebis magaliTebze.  

h. iSis, h. hagivarasa  da TanamSromelTa mier Seswavlil iqna N-aril fe -
nil hid razonebis ci klizacia qlorwyalbadiT gajerebul eTanolSi [15] (sqema 
2). pi royurZnis mJavas eTilis esteris  N-fenil -p-meToqsifenilhidrazonis (1a) 
cik li zaciiT warmoiqmneba oTxi produqti 2a, 3a, 4a, 5, Sesabamisad , 43; 2,3; 5,3 
da 33% gamosavlianobiT, 1b fenilhidrazonida n _ ori: 2b (15%)  da 3b (12%) 
indo le bi, xolo 1g -s indolizaciiT _ 2g (11%), 3g (67%) da 4g (17%) indolebi 
(sqema 2). 

miRebuli Sedegebidan gamomdinareobs, rom indolizacia mimdinareobs 
gamaaqti ure beli jgufebis Semcveli birTvis mimarTulebiT, amasTan, ar ilis 
jgu fi xels uwyobs indolizacias.  

me-[16] SromaSi aRwerilia Zlieri eleqtronaqceptoruli CF3 jgufis gav -
le na indolizaciis procesis mimarTulebaze. piroyurZnismJavas eTilis e st e-
ris N-fenil -o -trif T ormeTilfenilhidrazonis (6) ciklizacia upiratesad mim -
di nareobs eleqtronebiT SedarebiT mdidar Caunacvlebel benzolis birTvSi 
(sqema 3). 

amave avtorebis mier Seswavlilia [17] piroyurZnismJavas eTilis esteris  
N-fenil -o -dimeToqsifenilhidrazonis (9) indolizacia katalizatorad uwylo 
ZnCI2  da HCI/eTanolis gamoyenebisas (sqema 4). reaqciebi mimdinareobs N-aril -
in do lebis narevisa (10 -13) da rigi Tanamde produqtebis warmoqmniT (sqema 4).  

e. fiSeris reaqciis meqanizmis zogierTi interpretacia, aseve meTo dis 
gamoyenebis sferoebis Sesaxeb sakmaod vrceli informacia moipove ba speci a-
lur mimoxilvebSi [2,4,9,10].  

karlinisa da fiSeris naSromSi [18] aRwerilia 2,6 -diqlor fenil hid ra zo -
nebis (14 -16) ciklizacia. aRmoCnda, rom fiSeris reaqciis pirobebSi ad gi li 
aqvs hidrazonis molekulaSi qloris atomis migracias orTo -mdgomareobidan 
para -mdgomareobaSi mdgradi 5,7 -diqlorindolebis (17 -19) warmoqmniT da erTi 
qlo ris atomis moxleCis xarjze 7 -qlorindolebis (20 -22) warmoqmnas (sqema 5). 

analogiurad mimdinareobs reaqcia SnCl2-Tan gacxelebisas [19]. qlo ris 
ato mis migracias adgili aqv s aseve SnCl2-is Sec vlisas SnCl2/ HCl-iT. me-17 da 21-
e naer Tebi warmoiqmneba TanafardobiT 1:3 saerTo gamosavlianobiT 20%. ufro 
mkacr pirobebSi ( ZnCl2, 3000C) hidrazonidan (15) ixliCeba qlo ris orive atomi 
da warmoiqmneba 2-p-qlorfenilindoli 4% gamosav li anobiT.  

e. fiSeris reaqcia sakmaod kargadaa Seswavlili 2 -fenilindolebis rig -
Si [9,10,20,21]. e. fiSeris meTodiT 2 -arilindolebis miReba SeiZleba Cana cvle -
buli acetofenonebis fenilhidrazonebidan. Sedegebma aCvena, rom sxva dasxva 
maciklizebel agents Soris, rogoricaa mSrali qlor wyal badi absolutur 

eTanolSi, gogirdmJavas eTanolxsnarebi, brenstedisa da lu isis mJavebi, a-
aril Canacvlebuli indolebis sinTezSi saukeTesoa polifosformJava [22 -32], 
amasTan, metad xelsayreli aRmoCnda reaqciebis Catareba pol ifos for mJavaSi 
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erT safexurad, fenilhidrazinebisa (23) da Sesabamisi keto nebis (24) kondensa -
ci is produqtTa pirdapiri indolizaciiT, Sualeduri pro duqtebis (25) gamo -
yo fis gareSe (sqema 6).  

 
sqema 2 

N
N=C Me

N CO2Et

Y

X

Y

Y

X

Y

Y

X

Y

MeO
N CO2Et

Y

X

Y

a X=OMe, Y=H; b X=H, Y=OMe; g X=CO2Et, Y=H

1 (a-g)
2 (a-g)

4 (a-g)

3 (a-g)

NHPhNHPh

CI

5

HCI/EtOH

CO2Et

 
 
 

sqema 3 
 

CF3

N
N

C
Me

COOEt

N

CF3

COOEt N

CF3

COOEtHCI

EtOH
+

ZnCI2 AcOH

7(15%)+8(82%)

6 7 (7%) 8 (74%)
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sqema 4 
 

OMe

N

N C

CH3

COOEt
NCI COOEt

Ph

N COOEt

PhOMe

N COOEt

OMe

N COOEt

Ph

HCI/C2H5OH +

AcOH ZnCI2

9

10 (1,3%) 11 (2,8%)

12 (34,5%)

13 (0,3%)

+ 11 (1,5%) + 12 (10,2%)

 
 
 
 
sqema 5 
 

N
H

X

CI

R

14 R=H; 15 R=CI; 16 R=Ph; 17 R=H, X=Cl; 18 R=CI, X=CI;

19 R=Ph, X=CI; 20 R=H, X=H; 21 R=CI, X=H; 22 R=Ph, X=H

14-16 17-22

CI

CI

H
N N

CH3

R

 
 
e. fiSeris reaqciis pirobebSi produqtTa gamosavlianoba da indoliza -

ci is temperatura damokidebulia Camnacvleblis bunebaze.  Se sabamis Caunac-
vle bel hidrazonTan ( 25) SedarebiT (sqema 6, R=R

1
=R

2
=H), 25-e naerTis hid ra zi -

nuli birTvis eleqtronaqceptoruli Camnacvlebeli R aZnelebs indo li zacias 
da moiTxovs maRal temperaturas. eleqtrondonoruli jgu fe bi ki piriqiT, 
amcireben reaqciis tempe ra tu ras [2,3,4,7,8,13]. 
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sqema 6 

N

R

R1

NH2

N

R

R1

N

R2

N

R1
R2

O

R2+

R=H,Me,CI

R1=H, Me, Bn, Bu

R2= H, 4-NO2, 3-NH2, 3-NHAc, 4-NMe2, 4-Br, 4-OAIk, 4-Me, 4-(CH2)nX, NHC(S)NH2

X= OH, CO2; n= 0-3

23 2524

26

R

 
 

rac Seexeba arilhidrazonis ketonur nawilSi myofi Camnacvleblis R
2 

gavlenas, Caunacvlebeli acetofenonis aril hid ra zo nebTan ( R=H) SedarebiT 
benzolis rgolis nebismieri Camnacvlebeli R

2
, miuxedavad maTi eleqtronuli 

bunebisa , aadvilebs ciklizacias da xels uw yobs reaqciis warmarTvas 
SedarebiT dabali tempe raturis pirobebSi, amasTan, udi des gavlenas axdens 
Zlieri eleqtron aqceptoruli Camnacvleblebi  NO2 da +NH3. ukanaskneli 
warmoiqmneba NH2Łis proto ni rebis Sedegad mJava katalizis pirobebSi, kerZod, 
poli fos formJavaSi.  

arilhidrazonebis benzolis birTvSi da aminuri azotis atomTan ar se-
buli Camnacvleblis eleqtronuli bunebis gavlena indolizaciis pro cesze 
Seswavlilia aseve prJevalskisa da TanamSromlebis mier [33,34] e. fiS eris re -
aqciiT 1 -, 5- da 7 -Canacvlebuli 3 -(N-acilamino) -2-fenilin dole bis (31) sinTezis 

magaliTze fenilhidrazinis warmoebulebisa (27) da w-( N-acil amino)ace to fe -
nonebis (28) urTierTqmedebiT spirtxsnarSi Tio nil qloridis Tanaobisas 
(sqema 7). 

miRebuli Sedegebi kidev erTxel adasturebs zemoT aRniSnul Tezas Cam -
nacvleblebis eleqtronuli bunebis gavlenis Sesaxeb. miT ufro, rom Zlieri 
ele qtronaqceptoruli Camnacvleblis arsebobis gamo, avtorebma ver SeZles 
p-nitro fenilhidrazonebis (32) gardaqmna Sesabam is indolebad (33) [11,33,35] 
(sqema 8). 

interess iwvevs amave avtorebis mier SemuSavebuli meTodi [36], rome lic 
iZ le va iseTi arilindoluri sistemebis miRebis saSualebas, rom lebic erT -
dro ulad Seicaven indolisa da pirazolis birTvebs. aseTi naerTebi perspe q-
ti ulia biologiuri aqtiurobis Seswavlis Tval sazrisiT.  

arilhidrazinebisa (34) da ketonebis (35) urTierTqmedebiT eTanolSi ka -
ta li zuri raodenoba ZmarmJavas Tanaobisas miRebuli arilhidrazonebi (36) e. 
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fi Seris reaqciis pirobebSi gardaiqmneba 2 -aril(Tieni l) -3-(3,5-dimeTil -1-pira -
zo lil)indolebad 37 (sqema 9).  

fenilhidrazinis cikluri analogebis _ 1 -fenilpirazolidinebis gamo ye-
nebiT fiSeris reaqciam originaluri ganviTareba moipova. a. kostis, g. 
golubevasa da l. sviridovas SromaSi [37] aRwerilia 1 -arilpira zo li di nebis 
rgolis gaxsna   mJava agentebis moqmedebiT N-(3-aminoal kil)in dolebis (41) 
warmoqmniT (sqema 10). 

Tu fiSeris sinTezSi acikluri fenilhidrazinebis SemTxvevaSi 
ukanasknel stadiaze gamoiyofa amiaki, hidrazonis cikluri agebuleba gana pi -
ro bebs aminojgufis SenarCunebas wa rmoqmnili indolis mole kula Si . am gziT 
SesaZlebelia ganStoebuli gverdiTi jaWvis mqone indolebis miReba.  
 

sqema 7 

R

N
NH2

R1

O

HN

O

R2

R

N
N

R1

HN R2

O

N
NH2

R1

HN R2

O

R
+

N
NH2

R1

HN R2

O

R
+

N

R1

H
N

O

R2

R

R= H, Me, OMe, 5-CI, 5-F, 5-NO2

R1= H, Me, ph, Bn

R2= 4-CI-C6H4, 4-Br-C6H4, CH2SBn, 2-f u r i l i , 4-i z oqsaz o l i l i , 3-kumar i ni l i

Ph

Ph

Ph

Ph

Ph

+
H

3,3

NH4-

27 29

28

30a 3130b

 

 
amave avtorebis mier hidrazonebis nacvlad mJavaTa hidrazidebis gamo ye-

nebam safuZveli Ca uyara 2 -aminoindolebis (47) sinTezis axal me Tods _ kostis 
re aqcias [38].  

procesi warmodgenilia me -11 sqemaze. 
fiSeris meTodiT indolebis sinTezis msgavsad sawyis stadiaze xdeba 

hidraziduli formis tautomeruli gardaqmna enhidrazinulSi, Semdgomi 
sigmatropuli  gardaqmniT ki warmoiqmneba Sualeduri kompleqsi 46, romlis 
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aro mati zacia xdeba ori gziT: (a) HOPOCI2 jgufis eliminirebiT 2 -
aminoindolis (47)   warmoqmniT, (b) alkilaminis eliminirebiTa da 
oqsindolis (49) warmoqm niT.  
 

sqema 8 

N

O2N

N

R

R1

N

O2N

R
R1

R= H, Me R1= H, N02, Br, CI, Ph, Bn

32 33

 
 
 

sqema 9 

R

N
NH2

R1

N

N
Me

Me

O

R

N
N

R1

N

R

R1

R= H, 5-Me, 5-F, 5-Br, 5-OMe, CI, 7-Me; R1= H, Bn; Ar = Ph, p-ql o r f eno l i , 2-T i eni l i

Ar

Ar

Ar

.
HCI

+
H

NH4-

36
34 35

37

N

N
Me

Me

N

N
Me

Me

 
 

 
gadajgufebis procesSi 46 -e naerTis warmoqmna damtkicebulia amino in -

do lebTan erTad mJavaTa Tiohidrazidebis gamoyenebisas disulfidebis war -
moqmniT. (katalizatorad iyeneben fos fo ris halogenidebs, fosgens) da a.S. 
(sqema 12). 
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sqema 10 
 

N

H
N

CCOOCH3

CCOOCH3

N
N

CCOOCH3

N

COOCH3

COOCH3

(CH2)3NH2

AcOH/HCI

HCl.

+

CCOOCH3H

38 4039

41  
 

sqema 11 
 

N
N

R
R1

N
N

R

C=O

R1

H2C

R2

N
HN

R

R1

+

NR

H
R2

OPOCI2

+

OPOCI2

NH

R

R2 H

OPOCI2

NHR1

N

R2

R

NHR1

NHR1

+

N

R2

R

OPOCI2 N

R2

R

O

POCI3

3,3

42 4443

45b45a

47

48 49

N

R

R2H

O

HN

H
R1

P

O

CI

CI

R2 R2

OPOCI2

H

a

b

46
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sqema 12 
 

N
NH

Me

S

R

N

Me

NH2

R

N

Me

S N

R

S

R

POCI3

+

50 5251 Me  
 

indoluri naerTebis sinTezis praqtikaSi 1927 wlidan damkvidrda da 
dRemde warmatebiT gamoiyeneba jap -klingemanis reaqcia, romelic erTgvarad 
avsebs fiSeris meTods.  

jap -kli ngemanis reaqcia [10,39,40] moicavs arildiazoniumis marilebis Se -
uRlebas gaaqtiurebuli CH-bmis Semcvel naerTebTan da warmoqmnili azo eTe-
re bis Semdgomi hidroliziT arilhidrazonebis miRebas. am meTodis gamoye ne-
biT SesaZlebelia iseTi arilhidrazonebis miRe ba, romelTa sinTezi e. fi Se-
ris klasikuri meTodiT ar xerxdeba, Sesabamisi karboniluri naerTebis Zne -
lad xelmisawvdomobis gamo. am gziT [40] miRebulia iseTi naerTebi, romlebic 
mole kulebSi erTdroulad Seicaven indolisa da qinolinis fragmentebs 
(sqema 13). 

 
sqema 13 
  

N

R

COOH

N2CI
+

_
CH3 C

O

CHCOOC2H5

C2H5

N

R

COOH

N

R

COOH

N
H

COOC2H5

CH3

H2O KOH -50C

53,56,58 R=H

54,57,59 R=Br

+
,,

HCI, C2H5OH

600C

53,54
55

56,57 58,59
NHN CCOOC2H5

C2H5

 
 
 
miuxedavad imisa, rom aRmoCenilia 2 -arilindolebis sinTezis mravali 

meTodi, fiSeris indolizacia kvlav rCeba erT -erT klasikur meTodad. aR niS -
nuli meTodiT organuli qimiis mimarTul ebaze sinTezirebulia arilindolTa 
far To speq tri [11,41 -43]. 
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1.1.1.2. sxva meTodebi da modifikaciebi  
  

a-halogenketonebis ciklokondensacia aromatul aminebTan _ biSleris 
re aqcia (sqema 14) [44-49,1,8] _ ganixileba rogorc 2 -arilindoluri sistemebis 
sin Tezis erT -erTi ZiriTadi meTodi.  

 
sqema 14 

 

R

NH

R1

O R3

R2X

R

N

R1

R2

R3O

N

R

R1

R2

R3

R, R1, R2, R3 = H, AIk, Ar

X = CI, Br

+

60 61 62 63

 
 

am gziT ganxorcielebuli 2 -fenilindolisa da misi nawarmebis sin Tezis 
meTodebi ganxilulia mimoxilvebSi [2,4,9].  

imisaTvis, rom procesi iyos regioseleq c iuri SemuSavebulia biSleris 
meTodis modifikaciebi.  

naCvenebia [50], rom anilinTan reaqciaS i bromketonebisa (64a -d) da bro mi-
dis (66) Secvla (2 -R-2-oqsoeTil)trimeTilamoniumis bromidiT (67a -d) xels uw -
yobs indolizaciis process da 2 -Canacvlebuli indolebis (65a -d) wamoqmnas 
60-90% gamosavlianobiT (sqema 15).  

 
sqema 15 

BrCH2COR

N
H

R

CH3 N CH2CO(CH2)5CH3Br

[Me3NCH2C(=NPh)RBr]
+ -

CH3COR

Br2

H2NCONH2
an
Hg(OAc)2

64(a-d )

67(a-d )

65(a-d )

66

68

PhNH2
PhNH2

PhNH2

Me3NCH2CORBr

 
2-arilind olebis misaRebad bromCanacvlebuli ketonebis nacvlad ani -

lin Tan reaqciaSi SeiZleba gamoyenebuli iqnas diazoketonebic [51] (sqema 16).  
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sqema 16  
 

Ph

O

N
H

PhN Ph

NH2Ph
+

C
N

N
Ph

O

CH2-N N
H Ph

O

CH2-NH2Ph
PhNH2

+

N

H
H H

-H

69 7170

7372 74

- N2

Ph

H2NPh

H

 
 

2-arilindolebis misaRebad mniSvnelovania madelungis meTodic 
[2,4,9,46,52] (sqema 17).  

 
sqema 17 

 

R1

NH
C

CH2R2

O

R3

N
H

R1 R2

R3

f uZe

200-400
0
C

R1, R2, R3 = H, AIk, Ar

75 76

 
 
Tumca N-acetil -o -alkilanilinebis ciklizacia moiTxovs mkacr pirobebs, rac 
zRudavs am meTodis gamoyenebis sferos.  

mogvianebiT SemuSavda madelungis meTodis modifikaciebi [2,53 -57], rac 
in do lizaciis procesis ufro rbil pirobe bSi warmarTvis saSualebas iZleva. 
ase, mag.:  

haliganis meTodSi cilkizacia mimdinareobs 20 -25o
C-ze [53]. 2 -fenil in do -

le bi miRebulia 20 -90% gamosavlianobiT katalizatorad n -buT illiTiumis an 
li Tiumis diizopropilamidis gamoyenebisas (sqema 18).  

orlemansis  [54] mixedviT katalizatorad kaliumis mesameuli buTilatis 

gamoyenebiT miRebulia iseTi arilindolebi, romlebic b-mdgomareobaSi Sei ca -
ven eleqtronaqceptorul jgufebs (sqema 18).  

sakmaod moxerxebul meTods warmoadgens madelungis reaqciis modifika -
ci ebi, romlebS ic gamoyenebulia elementorganuli naerTebi.  

h. Cenis mier [55] damuSavebuli mravalsafexuriani meTodiT 2 -arilin do -
le bis (85 -89) sinTezi xorcieldeba o -toluidinis warmoebulebidan (80) 
miRebuli me tal organuli naerTebis (83) acilirebiTa da Semdgomi 
hidroliziT  (sqema 19). 
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sqema 18 

R
R1

NHC

R

N

Li

R1

O Ph

Li

N

R R1

R2

Ph

R = H, OMe, CI

R1 = H, Me, CO2, AIk, CN, SO2ph

R2 = H, Bn

77 7978O

Ph

 
 
 
 
fosfororganuli naerTebis gamoyenebis safuZvelze takahaCisa da sxva -

Ta mier [56] SemuSavebulia b-indolilsulfonebis (92) sinTezis originaluri 
meTo di (sqema 20). 

madelungis sinTezis modifikacias eZRvneba Semdegi publikaciac [57], 
ro mel Sic aRwerilia myar fazaze dafenili anilinis gardaqmna 2 -aril in do -
le bad. saboloo produqtebis moxleCas fisidan axdenen trif T orZmarmJava-
trieTilsilanis (95:5) nareviT (sqema 21) . 

SemuSavebulia indoluri sistemebis sinTezis araerTi m eTodi aRdgeniTi 
ciklizaciis reaqciebze dayrdnobiT.  

am mxriv yuradRebas imsaxurebs danisa da TanamSromlebis [58] kvleva. 
maT mier aRwerilia (98) da (99) o -nitro nawarmebidan miRebuli Sualeduri na -
er Tebis aRdgeniTi ciklizacia Zn/AcOH-iT. Sedegad miRebulia 2 -aril indo le -
bi (102)  (sqema 22). 

sainteresoa aseve 2, b-dinitrostirolebis (103) modificirebuli aRdge ni -

Ti ciklizacia Fe/AcOH-iT silikagelis Tanaobisas [59] (sqema 23). sawyisi 2, b-
di nitro stirolebi advilad miiReba o -nitrotoluolebis urTierTqmedebiT 
nitro alkanebTan tute areSi.  

N-acilamino -o -acetofenonebis aRdgeniTi ciklizacia fiurstneris 
mixedviT indolis birTvis sinTezis moxerxebul preparatul meTods 
warmoadgens. am meTodSi katalizatorad gamoyenebulia Ti-is marilebi. miRebu -

lia 2,2 ¡-bisindolisa da 2 -fenili ndolis nawarmebi (106) (sqema 24) [2,60].  
odlisa da sxvaTa SromaSi [61, 62] aRwerilia metalokompleqsuri kata li -

zi. katalizatorebis Pd(O) da Ni(O) gamoyenebiT a-halogen -N-alilanilinebis 
cik lizacia mimdinareobs ormagi bmis Sigamolekuluri arilirebis xarjze 
(sqema 25). 
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sqema 19 
 

R

R1

CH3

NH2

R

R1

CH3

N(SiMe3)2

R

R1

N(SiMe3)2

Br

R

R1

N(SiMe3)2

X

R

R1

N(SiMe3)2

R2O

N

R

R1

R2

O

Me3Si SiMe3

N
H

R1

R

R2

BuLi

Me3SiCI

0-250C

1) Zn 00C

2) CuCN; 2LiCI

800C-
R2COCI

200C-

H2O

85 R = Br, R1= H, R2 = Ph

86 R = R1 H, R2 =
O

87 R = R1 = H, R2 =

88 R = H, R1 = CI, R2 = -CH=CH

R2 =

CI

CI

89 R = R1 = H,

80 81 82

83

84 85-89

 
 
 
sqema 20 

 
 

R

N

SO2R
1

R

N

SO2R
1

R2

t o l uo l i , 110
0
C

N
H

R

R2

SO2R
1

NaOH/dmso

80-900C
CN

R = H, CI

R1, R2 = Ph, p-MeC6H4

R2COCN

90
91

92
PPh3
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sqema 21 
 

NH2

CN O

H

CNHN

N R

CN

N
H

R

CN

+

1) t r i meT i l o r T o f o r mi at i
2) NaBH(OAc)3

f uZe TEA:Et3SiH
95:5

93 94

95
96 97

R=Ph, 4-MeOPh, 4-Cf3Ph, 4-NO2Ph, PhCH2, 3-pi r i d i ni

C

O

N

CN

 
 
 
sqema 22 
 

       

R

NO2

CO2H

NO2

O

O

R

R

NC

NO2

R2

NO2

O

NC

R1

N
H

R

O
R1

R1C6H4OC6H4CHO

Zn

AcOH

98, 100 R = Br, CN

101 R1 = Br, CN

102 R = CN,

99 R2 = Me, CH2PO(OEt)2, CH2P(Ph3)CI

C

NH2

NH

,
N

HN

98

99

100

102

101

PhOC6H4R
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sqema 23 

                              

R2

R3

R4

R5

NO2

NO2

R1

N
H

R2

R3

R4

R5

R1

Fe/AcOH

R1, R2 = H, Me, OCH2Ph

R3 = OMe, OCH2Ph

R4 = H, OMe, OCH2Ph

103 104

R5 = H, Me, OMe, OCH2Ph  
 

sqema 24 
 

NH

R

O

XO

HN

O

O

N
H

R

X

N
H

R
R

TiCI3, Zn

R = Me, X = C6H4 R = C6H5, X =

105

106

 
 
kopes mier [63] SemuSavebuli meTodi efuZneba Sigamolekulur kon densa-

cias, romelic mimdinareobs fuZeebis Tanaobisas (sqema 26).  
ukanasknel wlebSi indolis birTvis sinTezebSi didi yuradReba eTmoba  

heterogenul  katalizur reaqciebs , kompleqsuri katalizatorebis  [1,2,64-66], 
gansakuTrebiT paladiumis ma ri lebis gamoyenebas [1].  

indolis sinTezis axal meTodebSi terminaluri alkinebis arilireba 
or To halogenanilinebis warmoebulebiT (113) paladiumis marilebiT kata liz - 
deba. miRebuli orToalkilanilinebis (114) ciklizacias axdenen fu ZeebiT 
[65,66] (sqema 27). 

 
sqema 25 

X

N
H

Pd(O)

PdX

N
H

R1

N
H

R1

PdX H

N
H

R1

+

107

109

108

110

Pd(O)+- HX, - Pd(O)
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sqema 26 
 
 

N

R

O

R1

N

R

R1

R = H,Ph

R1 = H, NO2, OMe

MeO

111 112

PPh3

 
 

sqema 27 

X

NH

R

NH

R

N R1

R

R = H, COOEt, SO2Me

X = CI, Br

R1 = H, Me, Bu, Ph

R1

R1

Pd(PPh3)CI2

113 114 115

 
 
 

TiTqmis analogiuria kastrosa da sxv. meTodi [67 -69], sadac iyeneben fe -
nil acetilenids, xolo katalizatorad _ Cul. reaqcia tardeba erT safe xu -
rad, Sualeduri 2 -aminotolanis  (117) gamoyofis gareSe (sqema 28).  

 
sqema 28 

I

NH2
N
H

NH2

C
Ph

d mf a, 1200C

(89%)

C
uI

d
mf

a
(9

5%
)

Ph

PhCu

116

117

118

 
 

mak-kilopis sinTezSi [2] spilenZis fenilacetilenidi gamoiyeneba 
acetilanilinis o -Talium(III) bis -triftoracetatis (120) alkinilirebisaTvis. 
miRebuli 2 -acilaminotolanebis (121) ciklizacias axdenen acetonitrilSi 
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PdCl2-is TandaswrebiT. N-acil -2-fenilindolebis (122) gamosavlianoba 67 -95%-s 
Seadgens (sqema 29). 

 
sqema 29 

R

R1

NHCOR2

CF3CO2TI/CF3COOH

Et2O
R

R1

NHCOR2

TI(CF3COO)2

R1

R NHCOR2
N

R1

R

COR2

Ph

R = H, Me, CI; R1 = H, Me; R2 = Me, Ph

Ph

PhCu

119 120

121 122

CH3CN, 810C CH3CN

 
erT -erT uaxles publikaciaSi [70] aRwerilia erTsafexuriani, ekono miu-

ri, regiospecifikuri procesi 2,3 -diCanacvlebuli indolebis (125) sinTezi sa-
Tvis fenilacetilenidan, romelic xorcieldeba katalizatorad Pd(OAc)2-is 
gamoyenebiT (sqema 30). 

 
sqema 30 

R

I

NH

CF3O

R

NH

CF3O

N
H

R

R2

R1

Pd(OAc)2
Ph3P

R1

R2X (X=I, Br)

123 124

125

R1

K2CO3

d mf a, 600C

 
 
kaspari da akermani [71] arilindolebis (129) misaRe bad fenil aceti len -

Tan warmatebiT iyeneben 126 -e o -dihaloarenebs (sqema 31) . 
 
sqema 31 
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Cangis da sxv.  naSromSi [72] aRwerilia msgavsi gardaqmnebi im 
gansxvavebiT, rom 2 -arilindolebis sinTezi mimdinareobs myar fazaze 
dafenili o -iodani lini dan (sqema 32). 

 
sqema 32 
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Ar SO2Ar

SO2Ar

131
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132

 
                                   NBS ï N-bromsuqcini midi  

 

sqemaze warmodgenili gardaqmnebis Sedegad miRebuli arasimetriuli 
diarilin dolebis myari sarCulidan moxleC as awarmoeben tetrabuTil amoni u-
mis fT o ridiT ( TBAF). diarilindolebi miiReba 85 -99% gamosavlianobiT.  

 
1.1.2. 5-arilindolebis sinTezi  

 

jer kidev 1887 wels k. arhaidtma [73] acetonis 4,4 ¡-difenilen dihidra zo -

nis (134) ciklizaciiT fiSeris reaqciis pirobebSi 2,2 ¡-dimeTil -5,5¡-bis -indol -
Tan (135) erT ad, Tanamde produqtis saxiT, miiRo 5 -fenil -2-meTilindoli (136) 

~5% gamosavlianobiT (sqema 33).  
5-arilindolebis sinTezi SemTxve viT xasiaTs atarebda aseve 139  da 140-e 

bisindolebis sinTezSi [74, 75]. 5-fenil - (141) da 5-benzilindolebis (142) war -
moqmnas avt orebi xsnian 137 da 138 -e hidrazonebis SesaZlo gaxleCiT maRal 
temperaturaze [76, 77] (sqema 34).  

5-arilindolebi mniSvnelovan intermediatebs warmoadgenen central uri 
nervuli sistemis neiromediatoris serotoninis antagonistebis sinTez Si. 
interesi maTdami ga Cnda mas Semdeg, rac ganxorcielda 5 -arilindo le bis 
gardaqmna triptaminad da tetrahidropiridilindolad [78,79].  

dReisaTvis ukve sayovelTaodaa cnobili, rom 5 -Canacvlebuli indolebi 
TavianTi aqtiurobiT [80 -82] umetes SemTxvevaSi mniSvnelovnad aRematebian 
indol is warmoebulebs imave CamnacvleblebiT sxva mdgomareobaSi. mag. 4 -
hidroq sitriptamini Tavisi aqtiurobiT Camouvardeba 5 -hidroqsitriptamins 
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(serotonini). fiziologiuri aqtiurobis TvalsazrisiT, aseve mniSvnelovania 
5-meToqsitriptaminic.  

 
sqema 33 
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sqema 34 
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N
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N
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137,139 X=

138,140 X= CH2  
 

cnobilia 5 -Canacvlebul indolTa miRebis, praqtikuli mniSvnelobis 
Tval sazrisiT, araerTi saintereso meTodi. [83] naSromSi Tavmoyrilia C-5-Si 
sxvadasxva funqciuri jgufis Semcvel indolur naerTTa sinTezis meTodebi, 
romel Tagan zogi efuZneba sinTezebs indolis birTvis Semcveli naerTebidan, 
zo gic _ indoluri rgolis Sekvras reaqciis msvlelobisas.  

organul sinTezSi, axali heterocikluri sistemebis sinTezis meTo de-
bis aqtiur ZiebasTan dakavSirebiT, ukanaskneli wlebis publikacieb is mixed-
viT  C-C bmis warmoqmnaSi mniSvnelovan rols TamaSobs metal -katalizuri 
SeuRlebis reaqciebi [84 -86]. Ni-sa da  Pd-is katalizatorebi warmatebiT gamoi ye-
neba arilindolebis regioseleq c iuri sinTezebisaTvis.  

didi interesiT sargeblobs da sakmaod xSirad gamoyenebuli meTodia 
su Zukis reaqcia [87,88].  aRniSnuli meTodiT 5 -arilindolTa sin Tezi pirvelad 
iangma ganaxorciela.  

iangis, martinisa da mkvlevarTa jgufis mier [87,88], halogenis metaliT 
Canacvlebis stategiaze dayrdnobiT [89], SemoTavazebulia 5 -bromin dolidan 
(143) zogierTi 5 -Canacvlebuli indolis (145 -148) miRebis meTodi (sqema 35).  
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sqema 35 
 

N
H
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N
K

Li

N
H

X

1.  KH

2.  mesam.-BuLi

3.  el eqt r o f i l i

4.  H2O

el eqt r o f i l i  - DMF, DMA, CH3SSCH3, (n-C4H9O)3B

145  X = CHO 146  X = COCH3 147  X= SCH3 148  X = B(OH)2

143 144 145-148

 
aRniSnul kvlevaSi mniSvnelovania 5 -indolilboris mJava (148), romelic 

ro gorc intermediati, arilbromidTan, katalizatorad pala di umis 
tetratri fenilfosfinis Ł Pd(PPh3)4  gamoyenebisas, maRali  gamosavliano biT 
(60-95%) iZleva 5 -arilindolebs (149 -152) (sqema 36). 

 
sqema 36 

N
H

(HO)2B

N
H
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Na2CO3

+
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152 Ar = 4-CH3OC6H4

148

ArBr

149-152

Pd(PPh3)4

 
 
amave meTodis gamoyenebas eZRvneba Semdegi publikaciac [90], romelSic 

aRwerilia suZukis SeuRlebis reaqcia  mikrotalRuri dasxivebisa da sxvada -
sxva katalizuri sistemis gamoyenebis pirobebSi.  

arilqloridebis reaqciebi 5 -indolilboris mJavasTan (148) Ses wavlilia 
dmf/ H2O 5:1 areSi paladiumisa da trifenilfosforis komple qsuri 
katalizatoris Ł Pd(PPh3)4 ï Tanaobisas.  aRniSnuli katalizuri sistema mikro -
talRuri aqtivaciis pirobebSi uzrunvelyofs miznobrivi 5 -aril indo le bis 
(159-164) warmoqmnas 64-99% gamosavlianobiT (sqema 37).  
 

sqema 37 
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154, 160 R = CH3
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+

148
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159-164

 
 

suZukis reaqcias iyeneben aseve elokda, garbia da sxvebi [80]  5-Canacvle -
buli indolebis misaRebad (sqema 38).  
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sqema 38 
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Pd(OAc)2
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danqvardtis [91] mier warmatebiTaa ganxorcielebuli 5 -fenilindolebis 

sinTezi aromatuli arilalkileTerebisa da magni umorganuli reagentebis 
urTierT qmedebiT Ni-is kompleqsuri katal izatoris [ NiCl2(PCy3)2] Tanaobisas 
(sqema 39). 

sqema 39 

N
H

N
H
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[NiCI2(PCy3)2]

PhMgBr/t hf

167
168

Cy-c i kl oheqsi l i  
 
van zandtisa da sxvaTa mier [92] 4 -nitro -3-meTilftorbenzolidan (169) 

miRebulia iseTi 5 -arilindoluri sistemebi (172,173), romlebic me -5 mdgomare o -
baSi Seicaven morfolinisa da f enoqsi -jgufebs (sqema 40).  

 
sqema 40 
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41-e sqemaze warmodgenilia 5 -fenilindolis sinTezis mravalsafexuriani 

gza, romelic moicavs Semdeg gardaqmnebs: a) 4 -nitrobifenilisa da malonis 
esteris  molekulaTSorisi urTierTqmedeba, b) dehidratacia,  g), dekarboqsi -
li re ba, d) ciklizacia, e) dehidratacia  [93]. 

aRwerilia  [94]  5-fenilindolebis miReba Sifis fuZeebidan. 
aminobenzilarilsulfonebis (180) aromatul aldehidebTan kondensaciiT 
miRebuli Sifis fuZeebi, ganicdian ciklizacias Sesabamisi indolebis ( 183)  
warmoqmniT (52-92%) (sqema 42). 

zemoT ganxiluli arilindoluri sistemebis sinTezis meTodebidan 
kargad Cans, rom aRniSnuli sistemebis misaRebad mniSvnelovan sinTezur 
bloks, umetes SemTxvevaSi, anilinis warmoebulebi warmoadgens.  

sqema 41  
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tom vusa da sxvaTa publikaciaSi [95] aRwerilia myar fazaze mimdinare 

5-aril indolebis sinTezi. sinTezi moicavs ramdenime safexurs, sadac  sawyis 
naer Tad SerCeulia 4 -brom -2-iodanilini (184). am ukanasknelis polistirol -
sul fonilqloridze (PSTsCI) dafe niT miRebuli sulfon -amiduri fisi (185) 
sxvadasxva terminalur alkinTan Sig amolekuluri ciklizaciiT iZleva  
indols  (186). me-5 mdgomareobaSi arilis jgufis Seyvanas axorcieleben 
suZukis reaqciiT. ukanasknel stadiaze ki (187) indolebis moxleC as fisidan Ł 
hidrol iziT  (sqema 43). 
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sqema 42 
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1.1.3. arilindolebis qimiuri Tvisebebi  
1.1.3.1. acilireba  

 
literaturidan cnobilia organul naerTTa formilirebis araerTi me -

To di, romlebic saSualebas iZleva aldehidis jgufi uSual od benzolis 
birTvSi iqnas Seyvanili. maT Soris sayuradReboa gatermanis, gaterman -koxis, 
vil smaier -haakisa da sxvaTa meTodebi.  

gatermanis reaqciiT [96] SesaZlebelia fenolebisa da maTi eTerebis 
for milireba. cianwyalbadmJavisa da qlorwyalbadis moqmedebiT fe nolebze 
Tu Tiis qloridis Tanaobisas da miRebuli produqtis Semdgomi hidroliziT  
formil nawarmebi daaxloebiT 80% gamosavlianobiT miiReba (sqema 44).  

  
sqema 44 

OR'

R + HCN
ZnCI2

HCI

OR'

R

CH=NH.HCI

H2O

OR'

R

CHO

R=H, AIk, CHO, COOR'', NO2, HaI R'=R''=H, AIk  
 

rac Seexeba gaterman -koxis reaqcias [96] (sqema 45), aRniSuli m eTodiT 
axdenen aromatuli naxSiwyalbadebis formilirebas naxSirJangisa da 
qlorwyalbadiT luisis mJavebis Tanaobisas. am gziT miRebuli aldehidebis 
gamosavlianoba aRwevs 90% -s. 

sqema 45 

            

ArH+HCOCI.AICI3
AICI3

CO+HCI; 35-500C
ArH ArCHO

Ar=C6H4AIk, C6H4CI, C6H5  
organul naerTTa da gansak uTrebiT heterociklur naerTTa qimiaSi fo -

r milirebis saukeTeso meTods vilsmaier -haakis reaqcia [ 94,96-98] (sqema 46) war-
moadgens. am meTodis gamoyenebiT saukeTeso Sedegebi miiRweva indolur naer -
T Ta rigSic. aRniSuli reaqcia safuZvlad udevs indolis im mr avalricxovani 
aldehiduri warmoebulebis sinTezs, romlebic sainteresoni arian, rogorc 
Sualeduri produqtebi mTeli rigi fiziologiurad aqtiuri naerTebis misa -
Rebad. zogierTi formilindoli, uSualod TviTon xasiaTdeba ma Rali bio lo -
gi uri aqtiurobiT.  

vilsmaier -haakis  meTodSi maacilirebel agentad gamoiyeneba N,N-diCa-
nacvle buli amidebisa da POCl3-is kompleqsi. meTodi gamoirCeva maRali 
SerCeviTobiT . 
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sqema 46 
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Tsu -s organuli qimiis mimarTulebaze vilsmaier -haakis meTodiT 
sinTezirebulia indolis  araerTi mono - da diformil nawarmi.  

cnobilia, rom indoli vilsmaieris kompleqsTan moqmedebs oTaxis tempe -
ra turaze [99] 3 -acil nawarmis maRali gamosavlianobiT.  

dadgenilia, rom 191,193 -e (sqema 47) da 197-200-e (sqema 48) naerTebi Sedian 
formilirebis reaqciaSi  N,N-dimeTilformamidisa da POCl3-is safuZvelze 
warmoqmnil kompleqsTan indolisaTvis aRwerilis analogiur pirobebSi [100].  

me-47 sqemaze  warmodgenilia 191 da 193 -e naerTTa formilireba da 193 -es 
acetilireba. 191 da 193 -e naerTTa formilirebisas warmoiqmneba mo no- (192, 195) 
da diformil - (194) nawarmebi [26]. naerTSi (191)  formilis jgufis Seyvanis 
mcdeloba esteris  3'-naxSirbadis atomTan,  avtorTa mier reagentis siWarbis  
da temperaturis gazrdis miuxedavad Ł uSedegod damTavrda, rac ganpi ro bebu-
lia ara marto 2 '-eToqsikarbonilis, aramed 3 -formilis jgufis arsebobiTac.  

Caunacvlebeli indolis (193) am reagentTan urTierTqmedebis Sedegad 
miRebul iqna mxolod erTi produqti Ł 3-acetil nawarmi (195), rasac avto re bi 
xsnian imiT, rom rasakvirvelia, gazr dili eleqtronuli simkv rive gana pi -
robebs pirvelad eleqtrofilur Setevas C-3 atomTan , Tumca mxolod es 
faqtori araa gadamwyveti da dasaSvebia isic, rom dadebiTi muxtis matare be-

li gardamavali s-kompleqsi ufro mdgradi iqneba C-3 atomTan Setevis 
SemTxvevaSi C-3'-Tan SedarebiT. aqed an gamomdinare, es ori faqtori ganapi ro -
bebs acetilirebis orientacias C-3 naxSirbadis atomTan . 

 (198-200) naerTebis formilireba mimdinareobs analogiur pirobebSi 3 -
formil nawarmebis (201-204) warmoqmniT (sqema 48) [26,101]. 

196-e naerTis formilireba ar mimd inareobs arc Cveulebriv, arc mkacr 
piro bebSi, rac, avtorTa azriT, NO2 jgufis Zlieri aqceptoruli gavleniT 
aixsneba. 

sainteresod mimdinareobs 2 -(p-aminofenil)indolis (197) formilireba. 
reaqciis Sedegi damokidebulia sawyisi naerTisa da kompleqsis molur 
Tanaf ardobaze. substrati:reagenti Ł 1:1 Tanafardobis SemTxvevaSi reaqcia 
mimdi nareobs aminojgufis gardaqmniT N,N-dimeTil aminomeTinimino -2-fenil in -
do lis (205) warmoqmniT, xolo reagentis siWarbis SemTxvevaSi ki  mimdina re -
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obs paraleluri formilireba pirolis  birTvis C-3 atomTan 204-e naer Tis 
warmoqmniT. 

sqema 47 
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sqema 48 

N
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aRwerilia [42] 2 -arilindolebis (206,207) acilireba vilsmaieris komp -
leq sis oTxjeradi siWarbis pirobebSi. produqtebi (208,209) miRebulia 70 -75% 
gamosavlianobiT (sqema 49).   

maRali gamosavlianobiTaa miRebuli Semdegi 3 -acilformil nawarmic (211) 
(sqema 50) [4]. 

analogiur pirobebSi ganicdis formilirebas N-izopropil -3-(p-
ftorfenil)indolic (212) 2 -, 5- da 7 -formilCanacvlebul produqtTa narevis 
(213-215) warmoqmniT (sqema 51) [102]. 

vilsmaier -haakis meTods mimarTaven angereri da misi Tanaavtorebic [103], 
romlis gamoyenebiTac maT mier sinTezirebulia 2 -arilindolebis 3 -formil -
nawar mebi (216) (sqema 52). 
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sqema 49 
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sqema 50 
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sqema 51 

 

N N CHO N CHO
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N CHO
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sqema 52 

N

CHO
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R1 R1 = H, OCH3 
R2 = H, OCH3, F
R3 = CH3, C5H11

216  
 
2-fenilindolebisaTvis warmatebuli maacilirebeli agenti aRmoCnda 

oqsalil qloridic (sqema 53) [4].  
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sqema 53 
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sainteresoa aseve 2 -fenilindolis formilireba urotropiniT ( sqema 54) 
[8]. 

vilsmaier -haakis meTodiT 2 -arilindolebis garda Seswavlilia 3 -aril -
in do lebis formilirebac [104]. vilsmaieris reagentis eqvimoluri raodenobiT 
gamoyenebisas 7- da 2 -formil nawarmebis narevSi ZiriTadia naerTi 225, xo lo 
reagentis siWarbisas wa rmoiqmneba 2,7-diformil nawarmebi (227) (sqema 55). 
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1.1.3.2. dimeTilaminomeTilireba  
 

gramini  Ł 3-dimeTilaminomeTilindoli Ł umartives indolur alkaloids 
warmoadgens. 

Caunacvlebeli indolebisaTvis,  rogorc wesi, eleqtrofiluri Setevis 
ZiriTad adgils pirolis birTvis C-3 atomi  warmoadgens, amitom mani xis 
reaqcia ZiriTadi meTodia graminis warmoebulebis Ł 3-dialkilamino meTil -
indolebis misaRebad.  

graminebis Tavisebureba garda imisa, rom isini sinTezura d advilad mi -
saReb nivTierebebs warmoadgenen, mdgomareobs agreTve im mravalricxovan qi -
miur gardaqmnaTa SesaZleblobebSi, romlebic SeiZleba gamoyenebul iqnas in -
do lis mravali warmoebulis misaRebad.  

graminebis miRebis ZiriTad meTods manixis reqcia [105] wa rmoadgens.  
semenovisa da iurovskaias monografiaSi  [106] farTodaa gaSuqebuli 

grami nebi sa da izograminebis Taviseburebani.  
indolis aminomeTilirebas Cveulebriv atareben meoreuli aminis, for m-

al dehidisa da ZmarmJavas safuZvelze axlad momzadebuli kompleqs iT [107].  
SemoTavazebuli iqna manixis reaqciis Catarebis axali varianti [108] 

kris taluri reagentiT acetonitrilisa da dioqsanis narevSi. meTodi mou xer -
xebelia, ramdenadac reaqcia mimdinareobs suspenziaSi reagentisa da manixis 
fu Zis uxsnadobis gamo.  

avto rebis mier manixis reaqciaSi gamxsnelad SemoTavazebul iqna 
absoluturi dimeTilformamidi, rac sagrZnoblad aiolebs process, ramdena -
dac reaqcia mimdinareobs gamxsnelSi  [109,110]. 

amave avtorebis mier Seswavlili 2,5 '-bis -1H-indolisa (193) da misi 2 '-
eToq si karbonilwarmoebulis (191) aminomeTilireba Sesabamisad di - (229) da 
monoCanacvlebuli (228) produqtebis warmoqmniT mimdinareobs (sqema 56).  

manixis reaqcia 2 -fenilindolebis magaliTze Seswavlilia buxmanisa da 
miCelis mier [111]. avtorebma ganaxorcieles 1 -cian oeTil -2-fenilindolis (230) 
dimeTilaminomeTilireba. sinTezirebuli 1 -cianoeTil -3-dimeTilamino -2-fenil -
in doli (237) CH3I-Tan urTierTqmedebiT iZleva produqts, romlis NaCN-Tan 
duRiliT meTanolSi iReben 1 -cianoeTil -2-fenil -3-cianomeTilindols (232). am 
ukanasknelis hidrolizs ki mivyavarT mJavas (233) wamoqmnamde 15% gamosavli -
anobiT (sqema 56). 

 
sqema 56 
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2229 R1=R2= CH2-N(CH3)2  
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sqema 57 
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2-fenilindolis 2 -vinilpiridinTan yinulovan ZmarmJavaSi duRiliTa da 

miRebuli naleqis ganz. tutiT damuSavebiT  miRebulia ɓ-(2-piridil)eTil -2-
fenilidoli (235). analogiuradaa miRebuli 236 da 237 -e naerTebi (sqema 58).  

 
sqema 58 
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1.1.3.3. azoSeuRlebis reaqcia  
 

gaaqtiurebuli aromatuli da p-Warbi heterocikluri naerTebi advilad 
Sedian arildiazoniumis marilebT an azoSeuRlebis reaqciaSi [112 -114]. 

indoli, rogorc p-Warbi sistema, advilad reagirebs arildiazoniumis 
kat ionebTan neitralur areSi [46,99,115 -120], mJava da tute areSi ki mimdi nare -
obs arasasurveli Tanamde procesebi c  [119-120]. 
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azoSeuRlebis reaqcia maRal seleq c iur i reaqciaa. igi iZleva 
azosaReb rebis sinTezis saSualebas. maT Soris gvxvdeba fiziologiurad  
aqti uri naerTebic. ase, magaliTad, naerTebma (238,239) gamoavlina 
tuberkulostatikuri  aqtiuroba (sqema 59) [121].  

sqema 59 

238 239

N
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N=N
Br

N
H

N=N

SO2CH3

 
 
antimikrobuli aqtiuroba aRmoaCndaT 60 -e sqemaze warmodgenil Semdeg 

arilazonaerTebs  [122]. 
sqema 60 

N
H

N=N CONHN=CHR

R=2-HO-C6H4; 3-HOC6H4; 4-HOC6H4; 4-MeC6H4; 4-MeC6H4; CHC6H4,
CH=CHC6H5, 3-NO2C6H4, 4-NO2C6H4, 2-CIC6H4, 4-CIC6H4

240

 
 
jeqsonisa da smitis SromaSi [123] naCvenebia, rom azoSeuRlebis reaqcia 

3-alkilindolebSi mimdinareobs me -3 mdgomareobaSi pirveladi S eteviTa da 
Semdgomi gadajgufebiT. spendisa da gleneris mier azoSeuRlebis reaqciis 
Seswavlisas 2,3 -dimeTilindolebisTvis SemoTavazebuli iqna reaqciis  meqa -
nizmi [124], sadac 2,3 -dimeTilindoli (241) iZleva hidrazons (244), romelic 
warmo iqmneba 1,3-gadajgufeb iT (sqema 61) [125-127]. 

 
sqema 61 
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aRniSnuli meqanizmis SesaZleblobis pirdapiri damtkicebaa jeksonisa 

da misi TanamSromlebis mier warmodgenili 3,3 '-bisindolilmeTanis urTierT -
qmedeba 5-nitrofenildiazoniumTan wyalxsnaSi, sadac 90% gamos avlianobiT 
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warmoiqmneba 3-p-nitrofenilazoindoli (247), xolo reaqciis acetonitrilSi 
Catarebisas (247) -Tan erTad warmoiqmneba bisindoli (248) (sqema 62).  

sqema 62 
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metad sainteresod mimdinareobs 3,5 '-bis -1H-indolis azoSeuRleba fenil -

di azoniumis marilTan, ramdenadac Tu 248 -e naerTis warmoqmnisas adgili aqvs 
meTilindolis fragmentis gadanacvlebas , 251-e produqtis warmoqmna mimdi na-
re obs arildiazojgufis migraciiT (sqema 63) [128].  

 
sqema 63  
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maRalseleq c iuri arildiazoni umis ka t ioniT Canacvlebis orientacia 
azoSeuRlebis reaqciaSi sakmaod kargi kriteriumia substratis molekulaSi 
sxvadasxva mdgomareobis reaqciis  unarianobis Sesafaseblad. ase magaliTad, 
zemoT ganxiluli naerTebisTvis (191) da (193) azoSeuRlebis reaqciebi mimdi na-
re obs monoCanacvlebuli azonaerTebis maRali gamosavlianobiT (sqema 64).  

am reaqciaSi, iseve rogorc 2,5ô-bisindolebis 191, 193 acetilirebisas 
vils maier -haakis meTodiT, mkveTrad vlindeba me -3 mdgomareobis gazrdili 
reaqcii s unarianoba C-3'-Tan SedarebiT.  rogorc zemoT aRiniSna, amis mizezi 

SeiZleba iyos uf ro mdgradi s-kompleqsis (a) warmoqmnaSi C-3-Tan 
eleqtrofiluri Setevisas, rad gan misi muxtis delokalizacia xdeba 
indolis or fragmentze, (b) sigma -kompleqsTan SedarebiT C-3' atomTan Setevis 
SemTxvevaSi, sadac muxtis delokalizaciaSi naklebad monawileobs indolis 
meore birTvi (sqema 65).  
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sqema 64 
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sqema 65 
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azoSeuRlebis reaqcias mieZRvna araerTi mecnieris Sroma [123 -134]. 

miuxedavadD am reaqciis maRali seleq c iurobisa,  2-fenilindolebSi 
Canacvleba midis indolis birTvis ɓ-mdgomareobaSi maRali gamosavlianobiT.  

azoSeuRlebis reaqciiT miRebulia monoazo Ł [4], bis azo Ł [130-132] da 
maT Soris wyalSi xsnadi saReb rebi [133] ferTa far To gamiTa da am klasis 
saRebrebisTvis damaxasiaTebeli TvisebebiT (sqema 66).  

sqema 66 
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N=N N=N

R3
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X

258 259

R = H, AIk(C1-C5), Ph;  R1 = H, NO2, OAIk, Br R2 = H, HaI, NO2, OMe, CO2H, CO2Et

R3 = H, AIk(C1-C6), NO2, OAIk, HaI, CN;  X = SO3H, HaI, CO2H, CO2R

Ar = SO2Ph, SO2Me, (CH2)2OH, (CH2)3SO3H

 

 
1.1.3.4. alkilirebis reaqcia  

 
alkilirebis da arilirebis reaqcias organul qimiaSi aqvs udidesi 

mniSvneloba imdenad, ramdenadac N-alkil da N-arilindolebi mravali 
biologiurad aqtiuri nivTierebis struqturul elementebs warmoadgenen [135].  

indolis b irTvis N-alkilirebisTvis cnobilia ramdenime zogadi 
meTodi: indolis N - Na-is  da K-is  marilebTan alkilhalogenidebis urTi erT -
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qmedeba [99], n. suvorovis mier SemuSavebuli fazaTaSorisi katalizi [136] da 
alkilireba dmso/ KOH areSi [137, 138], romelTa gamoyenebi Tac sinTezirebulia 
araerTi  N-arilwarmoebuli [139 -142]. 

n. suvorovisa da TanamSromlebis mier [136] aRwerili indolisa da misi  
2- da 3 - Canacvlebuli nawarmis alkilirebis meTodi fazaTaSorisi ka ta li zis 
pirobebSi warmatebiTaa gamoyenebuli araerTi N-alkil war moebul i s (261) 
misaRebad (sqema 67,68) [11,42]. 

fazaTaSorisi katalizis pirobebSi adgili aqvs Tanamde produqtebis Ł 
3-alkil - da 1,3-dialkilwarmoebulebis warmoqmnas, rasac avtorebi [4] xsnian 
ara N-alkilwarmoebulebis gadajgufebiT, aramed pirdapiri C-alkilir ebiT.  
pirdapiri N-alkilirebiT midis reaqcia dmso/ KOH areSi [137,138] (sqema 69). 
 
sqema 67 
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sqema 68 
 
  

N
H

(CH2)n
N

(CH2)n

CH2

C6H5CH2CI

Kat/ 50% KOH

206, 262 n=1
207, 263 n=2

N
H

CH2

N
CH2

(CH2)2CH3

CH3(CH2)2Br

Kat/ 50% KOH

262 R=CH2C6H5
263 R=H

206

206,207

264

262,263

Kat = [CH3(CH2)3]4NBr  



   41 

 

 
sqema 69 

N
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N
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R
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d mso /KOH

R1X

R = H R1 = CH2C6H5, CH2-CH=CH2 X = CI, Br

 
iaponel mecnierTa mier [143] ganxorcielebulia 3 -acetilindolebis N-

alkilireba l iTiumis cianidis gamoyenebiT Zlieri fuZeebis Tanaobisas (sqema 
70). 

sqema 70 
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ukanasknel wlebSi N-Canacvlebu li indolebi miRebulia katalizuri 

reaqciebiT. [135] SromaSi aRwerilia N-arilindolebis (269) sinTezi, sadac 
katalizatorad gamoyen ebulia paladiumisa da biaril(d i alkil )fosfinis  (dba) 
komple qsuri katalizatori [ Pd2(dba)3], romelic aRniSnul reaqciaSi 
gacilebiT efeq tu ri aRmoCnda  Pd(OAc)2 ïTan SedarebiT . 

arilhalogenidebiT N-arilirebas axorcieleben aseve CuI-isa  da trans -
1,2-cikloheqsa ndiaminis ( Ia), trans -N,N'-dimeTil -1,2-cikloheqsandiaminis (II a), an 
N,N'-dimeTil eTilendiaminisagan ( III ) warmoqmnili katalizatoris gamoyenebiT 
[144] (sqema 72). aRniSnuli katali zatoris Tanaobisas N-aril in dolebi maRali 
gamosavlianobiT (70 -90%) miiReba.  
 
sqema 71 
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sqema 72 
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Tavi 2. eqsperimentuli monacemebis gansja  
 

rogorc literaturis mimoxilvaSi iyo aRniSnuli, arilindoluri 
sistemebis sinTezis, maTi qimiuri da farmakologiuri Tvisebebis Seswavlis 
sferoSi Sesrulebulia mravali gamokvleva da miRebulia mravalmxriv 
saintereso Sedegebi. dRemde ar wydeba da sul ufro farTovdeba kvlevebi am 
mimarTulebiT. sinTezirebulia axali arilindoluri naerTebis rigi. maT 
Soris gamovlinda sakmaod maRalaqtiuri nivTierebebi  da SesaZlebelia isini 
dainergos praqtikaSi, rogorc axali samkurnalo preparatebis moqmedi 
ingredientebi. miuxedavad amisa, am mimarTulebiT kidev bevri ram aris gasa ke-
Tebeli. pirvel rigSi, es SeiZleba iTqvas indolSemcveli axali sistemebis 
Sesaxeb. yovel ive es cxadyofs, rom am mimarTulebiT Catarebuli yvela 
kvleva dRes da momavalSic aqtualuri da perspeqtiulia. aseTive aqtualuri 
da saWiro gamokvlevaa warmodgenili samuSaoc, romelic Sesrulebulia 
axali arilin d oluri sistemebisa da maTi nawarmebis sinTezis mizni T. 

Cveni yuradReba daeTmo 5 -fenilindolebis, 2,5 -diarilindolebis, aseve 
arilur frag mentSi ori Camnacvleblis Semcveli 2 -arilindolebis sinTezs. 
garda amisa, CvenTvis saintereso iyo ori sxvadasxva heterociklis Semcveli 
oTxbirTviani kondensirebuli sistemis Ł in dolobenzo[ b]furanis rigSi axali 
arilwar moebulebis sinTezis SesaZleblobebis gamorkveva.  

Cveni kvlevis erT -erTi umTavresi etapis mizans warmoadgenda sinTe zi re -
bul naerTTa qimiuri gardaqmnebi. miznad davisaxeT Segveswavla am naerTebis 
qimiuri Tvi sebebi zogierTi eleqtrofiluri Canacvlebis reaqciis magali Teb-
ze, rogo re bicaa: vilsmaier -haakis, manixis, azoSeuRlebis, nitrozirebisa da 
N-alkilirebis reaqciebi.  

garda amisa, gadavwyviteT Segveswavla 2 -eToqsikarbonil -5-fenilindolis 
gverdiTi jaW vebis Ł kerZod, 2-eToqsikarbonilisa da 3 -formilis jgufebis 
gar daqmnebi.  

sinTezirebul naerTTa struqturebi dadgenilia infrawiTeli, ultra -
iis feri, 1H da 13

C birTvul -magnituri rezonansis  da mas-speqtrebis monacemebis 
safu Zvel ze. 
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2.1. zogierTi 2 - da 5 - arilindol is sinTez i  
 

mravalmxriv saintereso Tvisebebis mqone arilindolebis axali 
nawarmebis miRebasa da Semdgom Seswavlas didi mniSvneloba aqvs. maTdami 
mzardi interesi ganpirobebulia arilindoluri sistemebis biologiuri da 
farmakologiuri TaviseburebebiT.  

2- da 5 -fenilindoleb s Soris aRmoCenilia sasargeblo Tvisebebis mqone 
mravali naerTi. erT -erTi maTgani Ł 4',5-diacetoqsi -1-eTil -2-fenil -3-meTil in -
do li dainerga samedicino praqtikaSi hormondamokidebul simsivneTa 
samkurnalo preparatis ( D-16726) saxiT (sqema 1) [145].                    

arilindolebis nawarmebis zemoqmedebis sfero vrceldeba agreTve 
organizmis periferiul da centralur nervul sistemaze (cns). maT gaaCniaT 
antide presantuli, trankvilizatoruli, cns -is receptorebis blo katorul -
mediatoruli da sxva saxis zemoqmedebis unari  [146]. garda amisa, cnobilia am 
klasis naerTTa antimikrobuli, anTebis sawinaRmdego, antibaqteriuli 
[41,147,148], agreTve herbiciduli  aqtiuroba [149] da SuqmgZnobiaroba [150].  

2-fenilindolis warmoebulebidan unikaluri Tvisebebi  aRmoaCnda 4',6-
diamidino -2-fe nilindol s (sqema 1). igi luminofors warmoadgens. mas gaaCnia 
agreTve ujredis membranasTan SekavSirebis unari da am ori Tvisebis gamo 
didi warmatebiT gamoiyeneba luminescentur mikroskopiaSi mikroorganiz mebis 
populaciis ar ealebis Sesaswavlad. am Temas araer Ti aTeuli gamokvleva 
mieZRvna [151-154]. 4',6-diamidino -2-fenilindols , garda  amisa, aRmoaCnda kibos 
sawinaaRmdego aqtiurobac [155 -157]. ukanaskneli xuTi wlis manZilze ga moqvey-
nebulia mravali Sroma am naerTis Tvisebebze da gamoyenebaze. maRalia 5 -fe -
nil indolebis biologiuri aqtiurobac. 5 -fenilindolebi warmoadgenen 
centraluri nervuli sistemis mediatoris  serotoninis Ł 5-hidroqsi trip ta -
minis (5 HT) receptorebis antagonistebs [87,88].  

 
sqema 1.  
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aRniSnulidan gamomdinare cxadia, rom  arilindoluri sistemebis axali 

nawarmebis sinTezi da kvleva uaRresad aqtualuri problemaa. sainteresoa 
aseve 2,5-diarilindolebi, miTumet es, rom maT analogebi ar ga aCnia T .  

sinTezuri qimiis ZiriTadi mizania seleq c iuri da maRalefeqturi 
procesebis warmarTva minimaluri preparatuli da energetikuli  
danaxarjebiT, amitom cxadia, rom sinTezis yvela meTodi, romlebic 
literaturis mimoxilvaSia ganxiluli mag.: tradiciuli meTodebi da axali 
originaluri meTodebi, arilindolebis sinTezis preparatul meTodad ar 
gamodgeba. 
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zemoT aRniSnuli meTodebidan, Cveni azriT, saukeTesoa e. fiSeris 
reaqcia Ł arilhidrazonebis indolizacia mJava katalizatorebis Tandas wre -
biT [7,8].  es meTodi warmatebiT gamoiyeneba iv. javaxiSvilis saxelobis 
Tbilisis saxelmwifo universitetis organuli qimiis m imarTulebaze axali 
bisindoluri, indolSemcveli mravalbirTviani heterocikluri sistemebisa da 
maTi nawarmebis, maT Soris, arilindoluri sistemebis misaRebad [11,35,42,43]. 
danarCeni meTodebidan zogi Znelad xelmisawvdom sawyis nivTierebebs , an 
ZviradRirebul kom pleqsur katalizatorebs  efuZneba, xolo zogi moiTxovs 
mkacr sareaqcio pirobebs. aqedan gamomdinare, 2 - da 5 - fenilindolebis, aseve 
2,5-diarilindolebis sinTezis gansaxorcieleblad prioritetulad miviCnieT 
e. fiSeris meTodi.  

 

2.1.1. 5-fenilindolis warmoebulebis sinTezi  
 

e. fiSeris reaqcia indolis warmoebulebis miRebis erT -erTi yvelaze 
gavrcelebuli meTodia. es meTodi ukve as welze metia gamoiyeneba, Tumca 
Tavisi preparatuli mniSvneloba dRemde ar daukargavs. am meTodis 
upiratesoba sxva meTodebTan SedarebiT mdgomare obs imaSi, rom reaqciis 
Catareba ar moiTxovs mkacr pirobebs da rTul laboratoriul mowyo bi lo -
bas, sawyisi nivTierebebi, rogorc wesi, advilad xelmisawvdomia. garda amisa, 
fiSeris reaqciis Catareba polifosformJavaSi ar moiTxovs arilhidrazonis 
winaswar miReb as Ł am makondensirebel saSualebaSi indo li zaciis reaqciis 
Cata reba SeiZleba erT safexurad , Sesabamisi arilhidrazinisa da karbo ni lu -
ri naerTis narevis gaTbobiT, Sualeduri, xSirad aramdgradi, arilhidra zo -
nis gamoyofis gareSe, romelic polifosformJavaS i warmoqmnisTanave ganicdis 
indolizacias. es gza sagrZnoblad amcirebs danakargebs hidrazonebis ga mo-
yo fis da gasuf Tavebis procesSi, rac miznobrivi arilindolis gamosavli ano-
baze did gavlenas axdens.  

rogorc wesi, erTsafexuriani sinTezis pirobebSi gamosa vlianoba 10 -15%-
iT ukeTesia, Tumca zog SemTxvevaSi orsafexuriani sinTezi ukeTes Sedegs iZ -
le va gamosavlianobis TvalsazrisiT [ 11,41,42]. 

e. fiSeris meTodis SesaZleblobebs afarToebs j ap-klingemanis modif i -
kacia [96], romlis saSualebiTac SesaZlebelia arilhi drazonebis miReba hid -
ra zinis sinTezis safexuris gareSe, uSualod arilaminis Sesabamisi diazo ni -
umis marilebisa da aqtiuri CH bmis Semcveli ɓ-ketomJavebis eTerebisagan.  

es meTodi gamoiyeneba im SemTxvevaSi, roca sawyisi arilhidrazoni 
aramdgradi, an ama Tu im gziT miuwvdomelia. igive iTqmis zogierTi kar boni -
lu ri naerTis Sesaxebac. Cven j ap-klingemanis meTodis gamoyeneba ar dagvWir -
da. amasTan, miznobrivi 5 -fenilindolebis nawarmebis sinTezisaTvis gamovca-
deT sinTezis rogorc erT safexuriani , ise orsafexuriani varianti.  

Cven movsinjeT e. fiSeris meTodSi xSirad gamoyenebuli sxvadasxva 
makondensirebeli agentebi: mSrali HCl/eTanoli, H2SO4/eTanoli, H2SO4/ZmarmJa-
va, polifosformJava (pfm) da polifosformJavas eTilis esterebi  (pfmee). Ses-
wavlili variantebidan saukeTeso aRmoCnda pfm da misi eTilis esterebi . 
sinTezi Catarebulia me -2 sqemis mixedviT.  
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unda aRiniSnos, rom rogorc erT, ise orsafexuriani sinT ezis Sem Txve-
vaSi indolizaciis temperaturebi pfm -Si da gamosavlianobebi (15 -19) naerTe bi -
saTvis ar gansxvavdeboda, amitom sinTezis gamartivebis mizniT process va ta -
reb diT 4 -hidrazinodifenilisa (1) da Sesabamisi ketonebis (2 -7) narevis 
frTxili gacxeleb iT pfm -Si 80 -1350C temperaturul intervalSi. miRebuli 
naer Tebis (15 -19) gamosavlianobebi gasufTavebis Semdeg Seadgenda 35 -60%-s.  

Cven ver movaxerxeT am pirobebSi migveRo 5 -fenilindolis warmoebuli Ł 
2-eToqsikarbonil -5-fenilindoli (14). reaqciis or safexura d Catarebis SemT -
xvevaSic ki gamoyofili hidrazonis (8) indolizaciis yvela cda pfm -Si uSe de-
god damTavrda.  

 
sqema 2.  

NH-NH2

1

C

O

RH3C

2-7

NH-N=C-R

8-13

CH3

N
H

R

14-19

pf m

NO2;2,8,14 R=COOC2H5; 3,9,15 R= ; 4,10,16 R=

OCH3; Br ;5,11,17 R= 6,12,18 R= (CH2)27,13,19 R=
 

 
2-eToqsikarbonil -5-fenilindoli (14) aRwerilia literaturaSi. igi Ta -

namde produqtis saxiT warmoiqmneba 5,5 '-bisind olis sinTezis procesSi 5 -6%-
iani gamosavlianobiT [74]. Cven mier,  zemoT warmodgenili sqemis ( 2) mixedviT 
2-eToq si karbonil -5-fenilindoli sinTezirebulia 4 -hidrazinodifenilisa (1) 
da piroyurZnismJavas eTilis esteris urTierTqmedebis Sedegad warmoqmnili 
piro yurZ nismJavas eTilis esteris p-difenilhidrazonisagan (8), romelic 
ganicdis cik li zacias pfmee -Si 80 0

C. miRebuli produqtis 14 gamosavlianoba 
qromatog ra fiul svetze gasufTavebis Semdeg Seadgens 58% -s. 

hidrazonebi (9 -13) ar ganicdian cikli zacias am maci klizebel agentSi.  
Caunacvlebeli 5 -fenilindoli (21) miviReT  (sqema 3) am naerTis este -

ruli  jgufis tute hidroliziTa da Sesabamisi mJavas (20, gamosav li anoba 
80%) dekarboqsilirebiT nalRobSi 245 -2500

C-ze adre aRwerili [158] proce -
sisagan gansxvavebiT, ine rtuli airis gatarebiT 4 -5 wuTis ganmavlobaSi. 21 -e 
naerTis gamosavlianoba sawyis mJavaze gadaangariSebiT Seadgens 55 -60%, rac 5 -
10 procentiT aRemateba inertuli airis (argoni) gareSe Catarebuli reaqciis 
Sedegad miRebuli 5 -fenilindolis gamosavlianobas.  

zemoT aRwerili sirTuleebis gamo saWirod CavTvaleT mogvexdina piro -
yurZ nismJavas eTilis esteris p-difenilhidrazonis (8) identificireba.  

me-8 nivTierebis infrawiTel speqtrSi ( KBr) (aq da Semdgom infrawiTeli 
speqtrebis monacemebi ix. eqsperimentul nawilSi ). est eruli  karbonilis 
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jgufis maxasiaTebeli STanTqma naTlad vlindeba 1674 sm -1 ubanSi viwro 
maRal intensiuri zolis saxiT, iqve 1610 sm -1 ubanSi vlindeba C=N jgufis 
STanTqmis saSualo intensiurobis zoli. 2800-3000 sm-1 ubanSi vlindeba 
aromatuli CH bmebis STanTqm is dabali intensiurobis zolebi, xolo viwro 
saSualo intensiurobis zolis saxiTaa hidrazonis NH jgufis damaxa si aTebe-
li STanTqma 3294  sm-1 ubanSi.  

sqema 3.  
 

N
H COOC2H5

N
H

COOH N
H

OH -CO2

14 20 21

-C2H5OH

H2O/

 
 

es hidrazoni unda arsebobdes ori geometriuli izomeris : Z (sin) da E 

(anti)  form ebis  saxiT (sqema 4).  
 
sqema 4.  

Ph N

N

H . . .

C

CH3

C

O

OC2H5

8a

Z - i z omer i

8b

E - i z o mer i

Ph N

N

H

C

CH3

C

O

OC2H5

 
am izomerebidan, rasakvirvelia, Termodinamikurad gacilebiT mdgradia 

Z izomeri (8a), romelic stabilizdeba Sigamolekuluri wyalbaduri bmis 
xarj ze. Cven ver movaxerxeT orive izomeris ga moyofa sufTa saxiT, Tumca 
sinTezis Sedegad miiReba ori nivTierebis narevi, romlis mSral benzolSi 
gaxsnisa da heqsaniT gamoleqvis Sedegad gamoiyofa, Cveni azriT, anti -izomeri 
(8b). cnobilia, rom piroyurZnismJavas eTilis esteris mono- da bis aril -
hidrazonebi s geometriuli izomerebidan naklebi xsnadobiT xasiaTdeba anti -
formebi, [159,160] amasTanave, aRsaniSnavia, rom sin -izomeri, miuxedavad zemo -
Tqmulisa wyal ŁspirtxsnarSi sinTezisas naklebi raodenobiT warmoiqmneba, 
vinai dan hidrazonuli NH asocirebulia wylis a n Sesabamisad, spirtis 
moleku le biT . 

piro yurZnismJavas eTilis esteris p-difenilhidrazonis  (8) ultra iis -
fe ri speqtri (eTanolSi) (aq da Semdgom ultraiisferi  speqtrebis monacemebi 
ix. eqsperimentul nawilSi) Seicavs sam maqsimums: 204 nm, 267 nm da 338 nm, 
romel Tagan 267 nm-ze mdebare maqsimumi dabal intensiuria (nax. 1). 

am nivTierebis (8) ciklizaciis produqtis Ł 2-eToqsikarbonil -5-fenil in -
do lis (14) ultraiisfer speqtrSi aseve SeimCneva sami maqsimumi: 206 nm,  260 nm 
da 300 nm ubanSi (nax. 2). wina spe qtrisgan gansxvavebiT saSualo tal Ro vani 
maqsimumi yvelaze intensiuria, amasTan SeimCneva hifsoqromuli wanacvleba 7 
da 38 nm-iT, xolo mokletalRovani maqsimumi odnav aris wanacvlebuli bato -
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qro mulad, rac TavisTavad miuTiTebs xarisxobrivad axali SeuRlebuli 
sistemis arsebobaze.  

me-8 nivTierebis 1
H-bmr speqtris (D6-dmso-Si ) (nax. 3) sust velSi SeimCneva 

hidrazonuli NH jgufis singleturi signali 9.94 ubanSi. aromatuli pro to -
nebis signalebi mJRavndeba 7.28 -7.65 vmn ubanSi rTuli multipletis saxiT, 
romelic cxra p rotons Seesabameba. am signalebidan SesaZlebelia gamoiyos 
ori tripleturi signali: 7.29 erTi protoni ( J 7.41 hc) da 7.42 ori protoni ( J 

7.72 hc), romlebic Sesabamisad meore benzolis birTvis para da meta 
protonebs mivakuTvneT (ix. eqsperimentuli nawili).  

amave nivTierebis 13
C-bmr speqtrSi (D6-dmso-Si) (nax. 4) SeimCneva naxSir -

badatomebis 14 signali, romelTagan sami mdebareobs SedarebiT Zlieri velis 
Ł 11.84, 14.26 da 60.24 vmn ubanSi. amave ubanSi mJRavndeba meTilenis da meTilis 
jguf is naxSir badatomebis s ignalebi. karboqsilis jgufis naxSirbadatomis 
signali mJRavn deba velis yvelaze sust ubanSi 164.88 vmn, danarCeni 
naxSirbadatomebis signa le bi mJRavndeba 114.12 Ł 143.86 vmn ubanSi, amasTan 114.12, 
125.90, 127.27 da 128.80 ubanSi mdebare signalebi, Cveni azriT, Seesabameba 
difenilis birTvebis si metri ulad ganlagebul naxSirbadatomebs (ix. 
eqspetimentuli nawili).  

piroyurZnismJavas eTilis esteris p-difenilhidrazonis  (8) indo liza -
ci is produqtis  14, Cven mier miRebuli , speqtruli monacemebi kargad emTxveva  
am naerTisTvis adre aRweril monacemebs  [158].  

2,5-difenilindolisa (15) da misi 4 '-Canacvlebuli nawarmebis speqtrebi 
kargad adastureben warmodgenil struqturebs. ase mag., yvela maTganis iw 
speqtrSi (vazelinis zeTSi) SeimCneva indoluri NH jgufis maxasiaT ebeli 
STanTqmis zolebi 3410 -3452 sm-1 ubanSi viwro, saSualo intensiurobis zolis 
saxiT. garda amisa, me -16 nivTierebis iw speqtrSi SeimCneva NO2 jgufis maxasia -
Tebeli STanTqmis ori zoli 1350, 1520 sm -1 ubanSi.  

me-15-19 naerTebis ui speqtrebSi (eTanolSi) SeimCneva daaxloebiT 
erTnairi intensiurobis STanTqmis oTx -oTxi maqsimumi garda me -19 nivTie re bi -
sa, romelSic aris sami STanTqmis maqsimumi. me -15 da me-18 nivTierebebis speq -
tre bis grZeltalRovani maqsimumebi danarCeni nivTierebis analogiur maq si mu-
mebTan SedarebiT batoqromulad aris wanacvlebuli Sesabamisad 7 da 9 nm -iT.  

me-15-19  naerTebis 1
H-bmr speqtrebi (D6-dmso-Si) (cxrili 1) Seicaven NH 

protonebis signalebs velis sust 11.3 -11.6 ubanSi da aromatuli birTvebis 
proto nebis signalebs, Sesabamis 6.8 -7.9 vmn ubanSi ZiriTadad rTuli 
multipletebis sa xiT, Tumca zogierT maTganSi (15,16,18) SesaZlebelia 
zogierTi signalis ga mor Ceva Sesabamisi, maTTvis damaxasiaTebeli 
multipletobis mixedviT. es gan sakuT rebiT iTqmis me -16 naerTis 1H-bmr 
speqtrze (ix. nax . 5).  

aRsaniSnavia, rom me -16 naerTSi nitro jgufis Zlieri eleqtron aqcep-
toruli gavleniT gamowveuli dezekranirebis Sedegad am naerTis yvela pro -
to nis qimiuri wanacvlebis sidide aRemateba sxva naerTebis (15, 17 -19) analo gi -
uri protonebis signalebis wanac vlebis sidideebs.  

me-16 nivTierebis   
1
H-bmr speqtrSi (D6-dmso-Si) NH protonebis signalebi 

mJRavndeba 11.6 vmn ubanSi. indoluri 3 H protonis Sesabamisi dubleturi  



   48 

 

 
 

nax. 1. piroyurZnismJavas eTilis esteris p-difenilhidrazonis (8)    

ultraiisferi speqtri (eTa nolSi)  
 

 
nax. 2. 2-eToqsikarbonil -5-fenilindolis  (14) ultraiisferi speqtri 

(eTanolSi)  
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signali mJRavn deba 7.07 vmn ubanSi ( J13 1.76 hc). 7.76 vmn ubanSi arsebuli 
dauxleCavi farTo signali Cven mivakuTvneT in do lur 4 H protons. am 
protonis spin -spinuri urTierTqmedeba ( J 1.6 hc) SeimCneva indoluri 6 H 
protonis 7.38 vmn ubanSi mdebare signalSi, romelic war modgenilia 
dubletebis dubletis saxiT ( J46 1.6 hc; J67 8.8 hc). analogiuri konstan ta ( J67 8.8 
hc) SeimCneva indoluri 7 H protonis dubletur signalSi, romelic 
mdebareobs 7.48 vmn nawilSi. p -nitro -fenilis birTvis protonebis signalebi 
mJRavndeba ori dubleturi signalis saxiT 8.06 da 8.27 vmn nawilebSi ( J 8.8 hc), 
romelebic or -or protons Seesa bameba. dubletebis saxiT mJRavndeba agreTve 
5-fenilis birTvis orTo protonebi 7.60 vmn ubanSi ( J 7.1 hc). analoguri 
konsanta SeimCneva 7.3-7.40 vmn ubanSi mdebare multipletSi, ro melic 5 -fenilis 
meta protonebs miekuTvneba. masSi nawilobriv gaerTiane bulia  indoluri 6 H 
protonis signalic. am birTvis para protonebis signali mJRavndeba 7.23 vmn 
ubanSi tripletis saxiT ( J 7.1 hc). 

me-16 nivTierebis 13C-bmr speqtri (dimeTilsulfoqsidSi) Seicavs 16 
signals (nax. 6). oTxi maTgani 123.61, 125. 03, 126.46 da 128.01 Seesabameba or-or 
naxSirbad atomebs, rom le bic gverdiTi jaWvis benzolis birTvebSi 
simetriulad arian ganlagebuli. speqtris yvelaze sust velSi 145.66 mdebare 
signali, cxadia, mivakuTvneT 4 ' naxSirbadatoms, romelic nitrojgufTan aris 
dakavSirebuli  (ix. eqsperimen tul nawilSi).      

  

2.1.2. 2-(2',5'-dihidroqsifenil)indolis  
warmoebulebis sinTezi  

literaturis mimoxilvidan Cans, rom miuxedavad mravali publikaciisa 
[1-4] arilindoluri sistemebis Sesaxeb, arilur fragmentSi 2 -Camnacvleblis 
mqone naerTebis Sesaxeb cnobebi TiTqmis ar moipoveba.   

aseTi naerTebis sinTezis erT -erTi umTavresi problemaa arilur frag -
mentSi Camnacvleblebis Seyvana. amis ganxorcieleba SesaZlebelia sawyisi ace -
to fenonis sinTezis safexurze an sinTezirebuli 2 -arilindolebis Semdgomi 
gardaqmniT. cxadia , indolis birTvis acidofoburobisa da SedarebiT mkacr 
pi ro bebSi maRali labilurobis gamo, am procesebis ganxorcieleba gacile -
biT martivia acetofenonebis sinTezis procesSi. gasaTvaliswinebelia is 
garemoebac, rom arilur fragmentSi Camnacvleblebis Seyvanis sa ukeTeso xer -
xia eleqtrofiluri Canacvlebis reaqciebi an ukve arsebuli gverdiTi jaW ve-

bis gardaqmna. Tu gaviTvaliswinebT indoluri fragmentis, rogorc p-Warbi 
sis temis, gacilebiT maRal reaqciis unarianobas gverdiT arilur frag ment-
Tan SedarebiT, cxadi xdeba,  rom am ukanasknelSi eleqtrofiluri Canacvle -
bis ganxorcieleba praqtikulad SeuZlebeli iqneba reagentis didi siWarbis 
pi robebSic ki.  

am TvalsazrisiT arilur fragmentSi Camnacvleblebis Seyvana Cven 
gadavwyviteT hidroqsilis jgufebis meSveobiT. am mizniT sawyis  nivTierebad 
SevarCieT acetofenonis dihidroqsinawarmebi da maT Soris, CvenTvis yvelaze 
xel misawvdomi 2,5-dihidroqsiacetofenoni.   
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ori hidroqsilis jgufis arseboba TavisTavad mrava l SesaZleblobebs 
qmnis araerTi nawarmis misaRebad. meores mxriv, litera tu ridan cnobilia 
[103,161], rom sarZeve jirkvlisa da winamdebare jirkvlis zo gierTi saxeobis 
kibos Ł e.w. `hormondamokidebuli formebisò samkurnalod samedicino praqti -
kaSi danergilia sxvadasxva preparati, romelTa Soris umniSvnelovanesia 
sinTezuri estrogenebi Ł dieTilstilbestroli da qlor tri anizeni (sqema 5).  

 
sqema 5.   

HO

OH

H3CO
CI

OCH3

OCH3

d i eT i l st i l best r o l i ql o r t r i ani z eni  
 

cxadia, rom aRniSnuli naerTebis analogebis miReba uaRre sad aqtua lu -
ria.  

garda amisa, hidroqi nonis jgufis Semcveli naerTebi biologiur obieq -
teb Si aqtiurad monawileoben Jangva -aRdgeniT procesebSi, rac kidev ufro 
zrdis interess aseTi arilindolebis mimarT.  

Cven ori Camnacvleblis Semcveli axali arilindolis, kerZod, 2 -(2',5'-
dihidroqsifenil)indoli da misi 5 -Canacvlebuli warmoebu le bi miviReT me -6 
sqemis  mixedviT.  

miznobrivi arilindolebis (30 -32) sinTezis gansaxorcieleblad gamovi ye-
neT zemoT aRwerili erTsafexuriani sinTezi Ł arilhidrazinisa da Sesaba mi-
si ketonis narevis indolizacia pfm -Si, vinaid an Sualeduri aril hid ra zo nebi 
maTSi ori hidroqsilis jgufis arsebobis gamo umgradebia Sesabamis 
fenilhidrazonebTan SedarebiT.  

fenilhidrazinis warmoebulebs (1,22 -24) viRebdiT Sesabamisi anilinebis 
di azotirebiTa da aRdgeniT aRwerili meTodikebis mixedviT [ 162-165]. 

pfm-Si ciklizaci i s procesebis Seswavlisas aRmoCnda, rom Cam nacvleb -
lis buneba gavlenas axdens indolizaciis optimaluri temperaturis si di -
deze. ker Zod, Caunacvlebeli fenilhidrazonisTvis (26) is Seadgens 120 -1250C, 
do noru li Camnacvlebeli amci rebs (110 0C, R=CH3), xolo aqceptoruli Cam nacv-
le beli zrdis (130 0C, R=Cl) am temperaturas [166], rac Seesabameba 
literaturul mo nacemebs [11,35], xolo hidrazoni 29 ( R=NO2) ar ciklizdeba 
1500C-mde gacxele bi sas, ufro maRal temperaturaze ki ifiseba.  

30-32-e naerTebis gasufTavebisaTvis sakmarisi aRmoCnda benzolidan gada -
kris taleba. aRniSnuli naerTebis gamosavlianoba Seadgens , Sesabamisad, 48, 40 
da 45%-s.  
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sqema 6.  
OH

HO

NH-NH2

1,22-24

R O=C

CH3

25

NH-N

26-29

R

OH

HO

C

CH3

N
H

R
OH

HO30-32

1, 26, 30 R = H; 22, 27, 31 R = CH3; 23, 28, 32 R = CI; 24, 29 R = NO2  
 

TiTqmis analogiuri Sedegebi miviReT indolizaciis ultrabger iTi aq -
ti vaciis pirobebSi Catarebisas.  

ultrabgeriTi zemoqmedebiT SesaZlebelia organuli reaqciebis warmar -
Tva SedarebiT dabal temperaturaze, rac sagrZnoblad amcirebs Tanamde re aq-
ci ebis mimdinareobis SesaZleblobas da Sesabamisad , iwvevs miznobrivi pro -
duq tebis gamosavlianobis gazrdas da sisufTavis xarisxis gaumjobesebas.  

magaliTad, ultrabgeriTi aqtivacia warmatebiT iqna gamoyenebuli nax -
Sir wyalbadebis dabaltemperaturuli krekingis meTodis SemuSavebaSi [167,168].  

ultrabgeriTi aqtivaciis pirobebSi, Cven  CavatareT 30 -32-e naerTebis 
erTsafexuriani sinTezi.  

 cxrili #2  
indolizaciis reaqciis parametrebi  

#  indolizacia  
Cveulebrivi  u.b. zemoqmedeba*   

t
o
C dro, wT  Ggamosavlianoba%  t

o
C Ddro, wT  gamosavlianoba%  

30 
31 
32 

120-125 
110 
130 

20 
20 
20 

48 
45 
40 

50 
45 
70 

5 
5 
5 

60 
55 
50 

* ultrabgeriT  zemoqmedebas vawarmoebdiT ultrabgeriT i  procesor iT : n=44 khc. 
 
cxrilSi 2 motanili monacemebidan Cans, rom ultrabgeriTi aqti vaci is 

pirobebSi sagrZnoblad mcirdeba indolizaciis temperatura, reaqciis xan gr -
Zlivoba da Cvens S emTxvevaSi, 10-12 %-iT izrdeba gamosavlianoba.   

arilhidrazonebis indolizaciis procesSi ultrabgeriTi talRebis ze -
moqmedebis meqanizmi SeiZleba aixsnas Semdegnairad: am zemoqmedebis Sedegad 
SesaZlebelia sareaqcio areSi myofi nebismieri nivTierebis ionebad da radi -
kalebad daSla.  

Cveni azriT, pfm -Si radikalebis warmoqmna naklebad savaraudoa (Tumca 
am procesis saboloo gamoricxva ar SeiZleba). ionebis, kerZod H

+-is kon cen-
tra ciis zrda ki, rasakvirvelia gazrdis fiSeris reaqciis siCqares, rameTu 
am dros izrdeb a N-N bmis gaxleCis albaToba SedarebiT dabal temperatu ra -
ze, xolo vinaidan  N-N bmis gaxleCa da axali C-C bmis warmoqmnis safexuri e. 
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fi Seris reaqciis mTavar safexurs warmoadgens, SeiZleba iTqvas, rom Seda re -
biT dabal temperaturaze reaqcia mimdinareobs ultrabgeriTi talRis ener -
gi is xarjze.  

Cveni azriT, miRebuli Sedegebi sainteresoa, rogorc fiSeris reaqciis 
meqanizmis calkeuli safexurebis mimdinareobis Taviseburebebis gaazrebis, 
ise preparatuli TvalsazriTac  [169].  

30-32 naerTebis iw speqtrSi ( KBr) SeimCneva indoluri NH jgufis STan Tq-
mis maxasiaTebeli zolebi , Sesabamisad 3259, 3255 da 3260 sm-1 ubanSi, xolo hid -
roq silis jgufebis STanTqma vlindeba viwro, SedarebiT maRalintensiuri 
zolebis saxiT 3450, 3448 da 3452 sm -1 ubanSi. SeimCneva aseve aromatuli CH bme-
bis STanTqmis dabalintensiuri zolebi 2900 -3070 sm-1 ubanSi.  

am naerTebis ultraiisferi speqtrebi (eTanolSi) Seicaven xuT -xuT 
maqsimums: 204, 220-230, 244-255, 303-312 da 340 nm-is ubnebSi, amasTan aRsaniSnavia, 
rom Caunacvlebeli naerTis 30 saSual talRov ani maqsimumi (220 nm) ganic dis 
batoqromul  wanacvlebas, meTilwarmoebulis 31 da qlorwarmoebu lis 32 Sem-
TxvevaSi, Sesabamisad 4 da 6 erTeuliT. grZeltalRovani maqsimumi (303 nm) 
qlorwarmoebulis SemTxvevaSi aseve batoqromulad aris wanacvle buli 7 nm -
ze. zemoTqmulidan gamomdinareobs, rom am nivTierebebis STanTqmis xasiaTi 
praqtikulad erTnairia, rac SeiZleba imiT aixsnas, rom Camnacvle beli praq -
ti kulad gavlenas ar axdens.  

30-32-e naerTebis 1H-bmr speqtrebSi (D6-dmso-Si) (ix. cxrili 3) sig nale bis 
qimiuri  wanacvlebis sidideebi da multipletoba calsaxa interpretaciis 
saSualebas iZleva. magaliTad, 30 -e nivTierebis speqtrSi (nax. 7,8) susti velis 
11.05 vmn nawilSi mdebare farTo signali miekuTvneba indolur NH, xolo 8.88 
da 9.42 ori farTo singleturi signali Ses abamisad Ł hidroqsilis jgufebs. 
velis yve laze Zlier ubanSi 6.60 mdebare dublet -dubleturi signali ( Jac 1.2 
hc) ( Jbc 7.5 hc) Cven mier mikuTvnebulia hidroqinonis birTvis cH protons , bH 
pro to nis signali mJRavndeba 6.81 vmn ubanSi dubletis saxiT ( Jbc 7.5 hc), xolo 
aH protoni Ł 7.14 vmn ubanSi dubletis saxiT.  indolis birTvis 3H protoni 
mdebareobs 6.89 vmn ubanSi singletis saxiT. indolis benzolis birTvis 
protonebis signalebi vlindeba ori dubletisa da ori tripletis saxiT, 
Sesabamisad, 7.50 vmn dubleti 4H, 7.45 vmn dubleti 7 H, 7.02 vmn tripleti 6 H da 
6.96 vmn tripleti 5 H, romlebSic SeimCneva spin -spinuri urTierTqmedebis orTo 
konstantebi ( Jo  7.5 hc). 

aRsaniSnavia, rom am naerTis yvela protonis signali wanacvlebulia 
Zli eri velis mimarTulebiT  2-fenilindolis Sesabam isi protonebis analo gi -
ur signalebTan SedarebiT. es wanacvleba gansakuTrebiT Zlier vlindeba bH 
da cH protonebze.  

30-e nivTierebis 13C-bmr speqtris monacemebi ixileT eqsperimentul na -
wil Si.  

SedarebiT gamartivebulia 32 -e nivTierebis 1
H-bmr speqtris (cxrili  3) 

(D6-dmso-Si) a romatuli pro tonebis ubani da es gamartiveba ZiriTadad exeba 
indolis benzolis birTvis protonebis signalebs, romlebic mJRavndeba 
dublet -dubletis ( J46 1.6 hc; J67 8.8 hc) saxiT (6 H); misi mezobeli 7 H protonis 
signali aseve mJRavndeba dublet ebis dubletis saxiT velis 7.49 vmn nawilSi  
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(J67 8.8 hc; J37 0.8 hc) da erTi dubleti s saxiT 7.54 vmn ubanSi 4 H-is signali ( J46 
1.6 hc). 

hidroqinonis birTvis protonebis signalebis qimiuri wanacvlebis 
sidideebi Zalian mcired gansxvavdeba 30 -e nivTierebis Sesabamisi protonebis 
qimiuri wanacvlebis sidideebisagan, xolo multipletobiT maTi ident uria. 
cH mJRavndeba 6.69 dubletebis dubletis saxiT: 6.88 vmn ( Jbc 7.5 hc) da 7.1 vmn ( Jac 
1.2 hc).  

am nivTierebis speqtris susti velis ubanSi arsebuli hidroqsilis jgu -
fe bis ori farTo signali da NH jgufis signali 30 -e nivTierebasTan Seda re -
biT ufro Zlier  velSia qloris aqceptoruli gavlenis gamo.   

 
2.1.3. 2-p-nitrofenil -3H-indolo[5,4 -d]benzo[ b]furanis  

sinTezi  
arsebobs  mosazreba, romlis Tanaxmad erT molekulaSi ori hetero cik -

lu ri sistemis Serwyma, romelTagan TiToeuli farmakologiuri Tval -
sazrisiT iwvvevs dam oukidebel interess, xels uwyobs biologiuri 
aqtiurobis zrdas ama Tu im mimarTulebiT. aseTi aRnagobis heterocikluri 
sis te mebi indolis rigSic moiZebneba [170,171].  

mosalodneli biologiuri aqtiurobis TvalsazrisiT yuradRebas 
imsaxurebs kondensirebuli tetracik luri sistema _ indolobenzo[ b]furani, 
ro melic SeiZleba ganixilos, erTis mxriv, rogorc pirolisa da dibenzo fu -
ra nis da meores mxriv, rogorc indolisa da benzofuranis kondensirebuli 
molekulebi. indolisa da benzofuranis birTvebis anelireba ukve ganxor ci -
ele bulia. sinTezirebulia indolisa da benzofuranis birTvebiT anelire bu-
li izomeruli indolobenzo[ b]furanebi [172].  

Cveni mizani iyo am rigSi migveRo 2 -fenilindolis analogebi. amisaTvis 
visargebleT literaturaSi aRwerili indolobenzo[ b]furanebis sinTezis 
prepar atuli meTodiT [173,174], romlis safuZvelze miviReT 33 -e hidraz i ni da 
gardaqmnebi ganvaxorcieleT me -7  sqemis mixedviT.  

indolizaciis reaqciis erT safexurad Catarebis SemTxvevaSi, 
dibenzofuran -2-il -hidrazinisa (33) da acetofenonis Sesabamisi nawarmebis (3 -6, 
34-36) narevis gacxelebiT pfm -Si 90 -150oC intervalSi SeimCneoda Zlieri 
Sefisva. miznobrivi produqtis gamoyofa mxolod p -nitroacetofenonis SemT -
xvevaSi movaxerxeT. 2 -p-nitrofenil -3H-indolo[5,4 -d]benzo[ b]furani (44) pfm -Si 
90-95o

C-ze warmoiqmneba, romlis ga mosavlianoba qromatografiul svetze ga -
suf Tavebis Semdeg Seadgens 10%. 

analogiuri Sedegebi miviReT reaqciis or safexurad Catarebis 
SemTxvevaSi _ winaswar gamoyofili dibenzofuran -2-il -hidrazonebis (37 -43) 
pfm-Si gacxelebisas. am gziT miRebuli 44 -e naerTis g amosavlianoba ar 
Secvlila da am SemTxvevaSic Seadgina 10% [175].  

p-nitroacetofenonis dibenzofuran -2-il -hidrazo nisa (38) da Sesabamisi 
ciklis 44 iw speqtrSi ( KBr) NO2 jgufis STanTqma vlindeba or -ori sakmaod 
intensiuri STanTqmis zolis saxiT 1342 da 1527 sm -1 ubanSi. 1620 sm-1 ubanSi 
SeimCneva 38-e nivTierebis C=N bmis maxasiaTebeli STanTqmis zoli, NH jgufis  
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damaxasiaTebeli STanTqmis zolebi, Sesabamisad, 3448sm -1 ubanSi (38) da 3420 sm -1 
ubanSi (44) da 2900 -3000sm-1 ubanSi Ł CH bmebis STanTqmis zolebi.  

38-e hidrazon isa da Sesabamisi heterociklis 44  ui speqtrSi (dmfa -Si) 
mokle tal Rovan ubanSi STanTqmis maqsimumebi ar SeimCneva. orive nivTierebis 
ui speqtrSi vlindeba sakmaod maRalintensiuri STanTqmis maqsimumebi 269 da 
268 nm-ze. orive speqtrSi SeimCneva aseve  mxari 335 nm-ze, xolo hidrazonis (38) 
speqtrSi aris agreTve grZeltalRovani maqsimumi 432 nm -ze. am nivTierebebis  
STanTqmis aseTi xasiaTi Seesabameba maT Seferilobas (38 -e nivTiereba aris 
wiTeli, xolo 44 -e Ł yviTeli).  

 
sqema 7.  
 

O NH-NH2 O NH-N C

CH3

R

O NH

R

3 R= NO2 OCH3 Br

NH2 NHCOCH3

HO

OH

4, 38, 44 R= 5, 39 R= 6, 40 R=

34, 41 R= 35, 42 R= 36, 43 R=

+ O C R

CH3

33 3-6, 34-36 37-43

44
1

6

2

5

4

3

7

9

8

 
 
p-nitroacetofenonis dibenzofuran -2-ilhidrazonis (38) 1

H-bmr speqtrSi 
(cxrili 3) hidrazonuli NH protonebis signali mJRavndeba 10.01 vmn ubanSi. 
8.32 da 8.16 vmn ubanSi SeimCneva ori dubleturi signali, romlebic Cven 
mivakuTvneT Sesabamisad, 5 H (J 8.8 hc) da 4 H (J 8.8 hc) protonebs. multipleti 
7.95 vmn ubanSi, romelSic SeimCneva J 1.6 hc da  J 9.15 hc, mivakuTvneT 3H 
protons, xolo ori protonis Sesabamisi multipleti 7.30 -7.39 vmn ubanSi Ł 6H  
da 7 H protonebs. erTi protonis Sesabamisi dubleturi signali 7.58 ( J 8.8 hc),  
Cveni azriT , miekuTvneba dibenzofuranis 8H protons. erTi protonis 
Sesabamisi dubleturi signali 7.54 ( J 1.6 hc) miekuTvneba 1H protons. 8.07 da 
8.22 vmn ubanSi mdebare signalebi ( J 9.15 hc), mivakuTvneT Sesabamisad, 
nitrobenzolis birTvis a da  b  proton ebs. 

amave nivTierebis 13C-bmr speqtris monacemebi ixileT eqsperimentul 
nawilSi.  

p-nitroacetofenonis dibenzofuran -2-ilhidrazonis (38) mas -speqtri 
(sqema 8) Seicavs rogorc molekuluri ionis M

+ (345), ise ( M+1)
+ ionis Sesabamis 

pikebs. qvemoT  moyvanilia 38 -e nivTierebis molekuluri ionis daSlis 
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savaraudo sqema, romelic emyareba speqtrSi arsebuli fragmentuli ionebis 
masebis sidideebs.  

  44-e nivTierebis 1
H-bmr speqtrSi  (dimeTilsulfoqsidSi) (cxrili 3) NH 

protonebis signali mJRavndeba 12.00 vmn ubanSi. indolis  1-H protonebi 
mJRavndeba 7.61 vmn single tis saxiT. 7.33 -7.44 ubanSi mdebare multipleti 
mivakuTvneT dibenzofuranis 6 -H, 7-H da 8-H protonebs. nitrobenzolis 
birTvis protonebi 2 -2 protonis Sesabamisi 2 dubletis saxiT mJRavndeba aH ï 

8.31 (J 8.5hc)   da  bH ï 8.32 (J 8.5 hc). danarCeni protonebi ( 4H,5H,9H) multipletis 
saxiTaa warmodge ni li 7.51 -7.90 vmn ubanSi. 

44-e nivTierebis mas -speqtrSi (sqema 9) maqsimalur piks warmoadgens 
molekuluri ionis piki 328 (100%). masSi SeiniSneba NO, O, HCN jgufebi s 
moxleCa, rasac  Seesabameba speqtrSi arsebuli, 298, 282 , 255 masebis Sesabamisi 
pikebi.  

NO da O  jgufebi s moxleCa Seesabameba NO2 jgufebi s fragmentacias, 
xolo HCN jguf i s moxleCa, romelic damaxasiaTebelia indolis pirolis 
birTvis fragmentaciisaTvis, SesaZlebelia mxolod fen ilis birTvis 2,3 
migraciis Semdeg. analogiuri movlena aRwerilia 2 -arilindolebisaTvis [11].  

(M+1)+ 346 (17)
- NO2

- 46
O NH N C

CH3

+

- CH3

-103

-15

O NH N C

+

-Ph-C=N

O NH

+

-1
O

300 (3)

182 (100)
285 (4)

-14
O

+

167 (2)
168 (9)

O NH N C

CH3345 (70)

NO2

N C

CH3

NO2
-

331 (5)

-14

-H-N

-N

-163

 
sqema 8. p-nitroacetofenonis dibenzofuran -2-ilhidrazonis  (38) mas-speqtri  
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O

M+ 328 (100)

NH

NO2

- Ph

- NO

- 30
O NH

O

+

- HCN

- 27

- O

- 16

O NH

+

O

+

298 (8)

- 77

255 (5)
282 (29)

178 (3)

O NH

 
  
sqema 9. 2-p-nitrofenil -3H-indolo[5,4 -d]benzo[ b]furanis  (44) mas-speqtri  

 
 
 

2.2. 2- da 5 -arilindolebis warmoebulebis  
qimiuri Tvisebebi  

 
rogorc zemoT aRiniSna, indolis arilwarmoebulebs Soris mravlad mo -

i poveba sasargeblo Tvisebebis mqone nivTierebebi. gansakuTrebuli farmako -
lo giuri aqtiurobiT gamoi rCeva ɓ-Canacvlebuli nawarmebi [103,121,145,161]. am 
ukanasknelTa molekulebSi ɓ-gverdiTi jaWvebi, rogorc wesi, Seicavs 
alkilamino -[106], karboqsil -[5,99], formil -[4,96] da sxva jgufebs. am jgufebis 
Sesayvanad indolis birTvSi, Cveulebriv, iyeneben eleqtrofiluri C anacvle -
bis reaqciebs, romelTa Sedegad warmoiqmneba ɓ-Canacvlebuli formil -[97,98], 
di meTilimino -[105,106], arilazo -[115-120], nitrozo -[99] da sxva jgufis Semcveli 
indolebi. am naerTebis gverdiTi jaWvebis qimiuri gardaqmnebiT SesaZlebelia 
zemoT naxsenebi sasargeblo Tvisebebis mqone warmoebulebis, maT So ris 
triptofanis da triptaminis nawarmebi s sinTezi [99,176]. 

Cveni gamokvlevis erT -erTi mTavari etapis mizani iyo sinTezirebuli 
naerTebis qimiuri gardaqmnebis ganxorcieleba, optimaluri pirobebis SerCeva 
da p otenciuri aqtiurobis mqone axali nivTierebebis gamovlena . 
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Cven mier miRebuli 2 - da 5 -arilindoluri sistemebi, am mxriv, sain te re -
so sakvlev obieqtebs warmoadgenen, Tumca zogi maTgani dabali gamosavli ano-
biT miiReboda, amitom qimiuri gardaqmnebis gansaxor cieleblad yuradReba Se -
vaCereT me-14, 30-32-e arilindolebze, romel Ta sinTezi da gasufTaveba nakleb 
sir Tuleebs moicavda.  

aRniSnuli naerTebis qimiuri Tvisebebi SeviswavleT indolis qimiisTvis 
tradiciuli eleqtrofiluri Canacvlebis reaqciebis magali Tze, rogor icaa 
vilsmaier -haakis, manixis , azoSeuRlebis, nitrozirebis da N-alkilirebis 
reaqciebi.  

ganvaxorcieleT, aseve, gverdiTi jaWvis gardaqmnis reaqciebi, kerZod Ŭ-
eToqsikarbonilisa da ɓ-al dehiduri jguf ebi s gardaqmnebi.  

 
 

2.2.1. formilire ba vilsmaieris mixedviT  
 

indoli da indolSemcveli kondensirebuli aromatuli sistemebi 
advilad Sedian formilirebis reaqciaSi vilsmaier -haakis meTodis gamoye ne-
biT da maRali gamosa vlianobiT iZlevian  ɓ-f ormilnawarmebs [26,42,100,103]. in -
dol Semcvel sistemebSi am reaqciis mniSvnelobas gansazRvravs is, rom mole -
kulaSi karbonilis jgufis Seyvanis Semdeg iqmneba SesaZlebloba ganxor ci -
el des mravalmxrivi gardaqmnebi da miRebul iqnas bi ologiurad aqtiur 
nivTierebaTa farTo speqtri. mag.: Sesabamisi hidrazonebisa da Tiosemikar ba-
zo nebis rigSi aRmoCenilia maRali tuberkulostatikuri aqtiurobis mqone 
nivTierebebi [17 7], ukanaskneli monacemebiT farTo farmakologiuri speqtri 
gaaCniaT agreTve in doluri aldehidebis oqsimebsac [17 8]. amasTan erTad, 
mniSvnelovania isic, rom indoluri hidrazonebi da oqsimebi farTod gamo i ye-
neba faqiz organul sinTezebSi, rogorc saintereso intermediatebi [17 7,178]. 

Cven mier sinTezirebuli 2 - da 5 -fenilindolebis rigSi SeviswavleT me-
14 da 30 -32-e naerTebis formilireba vilsmaieris mixedviT. maformilire bel 
agentad gamoviyeneT N,N-dimeTilformamidisa da POCI3-is safuZvelze axlad 
momzadebuli kompleqsi [97,99,100].  

sakvlevi indolis molekulaSi (14) pirolis birTvis Ŭ-mdgomareobaSi 
eleqtronaqceptoruli eToqsikarbonilis jgufis arseboba, rogorc mosalod -
neli iyo, amcirebs heterociklis reaqciis unarianobas eleqtrofiluri re a-
gentebis da maT Soris , vilsmaieris kompleqsis mimarT. aRniSnuli gavlena ga -
napi robebda formilirebis reaq ciis Catarebis aucileblobas maRali 
temperaturis pirobebSi. aqedan gamomdinare, 2 -eToqsikarbonil -5-fenil in do -
lis (14) formilireba ganvaxorcieleT indolisgan (indoli am reaqciaSi Se -
dis oTaxis temperaturaze [99]) gansxvavebul pirobebSi, kerZod, 60 °C tempera -
tu raze (sqema 10). analogiur pirobebSi mimdinareobs zogi bisindoluri da 
pi ro loindoluri diesterebis formilireba [159].  

rac Seexeba eleqtrofiluri Canacvlebis orientacias, esteruli  
jgufis sivrciTi da eleqtronaqceptoruli gavlenis miuxedavad, is ar Secv -
li la da indolisa da bisindoluri diesterebis msgavsad Canacvleba wari -
marTa pirolis birTvis ɓ-mdgomareobaSi. miRebul produqts vasufTavebdiT 
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benzo lidan gadakristalebiT. qromatografiulad sufTa 2 -eToqsikarbonil -3-
formil -5-fenilindolis (45) gamosavlianoba Seadgens 88% -s [179,180]. 

sqema 10.  

N
H COOC2H5

N
H COOC2H5

14 45

CHOPOCl3/d mf a

60oC

 
literatur aSi aRwerilia polihidroqsiar omatuli naerTebis formi li -

re ba forma li ni Ta da POCl3-iT, romelic mimdinareobs hidroqsilis jgufebis 
Senar CunebiT [ 181], Tumca cnobilia iseTi SemTxvevebic, rodesac formili re -
basTan erTad hidroqsilis jgufi Cainacvleba qloris atomiT  [182].   

miuxedavad mr avalgzis mcdelobisa, Cven ver miviReT 2 -(2',5'-dihidroqsi -
fe nil )indol isa (30) da misi warmoebulebis 31,32 formil nawarmebi (ix. gv. 56)  
[97,99]. reaqciis msvlelobisas, yvela SemTxvevaSi, SeimCneoda Zlieri Sefisva, 
rac ar Tu lebda miznobrivi produqtebis gamoyofas.  

literaturidan cnobilia, rom umartivesi indol -3-aldehidebi 
deformilirdeba Zlieri reagentebis moqmedebiT, kerZod: 60% KOH (~100°C) 
areSi gacxelebisas warmoiqmneba indoli [18 3], xolo Zlieri mJavebis ( HClO4, 
konc. H2SO4) Tanaobisas ki moixliCeba HCOOH 3.3'-bisindoluri sistemis 
warmoqmniT [184]. aRwerilia agreTve 1,3 -dimeTil -3-formilindolinis 1,3 -
dimeTilindolinamde fotodekarbonilireba [18 5]. 

Catarebuli gamokvlevebiT dadgenilia, rom deformilirebis 
analogiuri procesi mimdinareobs sxva mravalatomian spir tebSic, kerZod, 
glicerinSi da dieTilenglikolSi 50 -100°C-ze. aRsaniSnavia, rom ufro maRal 
temperaturaze deformilireba intensiurad mimdinareobs, magram am dros 
izrdeba gverdiTi procesebis raodenobac. indol -3-aldehidebis deformili re -
ba sxvadasxva mravalatomi ani spirtis areSi gacxelebisas literaturaSi aR -
werili ar aris  [42].  

erTatomian spirtebSi (eTanoli, izopropanoli, butanol -1, heqsanol -1), 
aseve maRalmduRare arapolarul gamxsnelebSi (toluoli, kumoli) duRilis 
pirobebSic ki 3 -formilwarmoebulebis deformilireb is procesi ar SeiniS ne-
ba. 

gadavwyviteT deformilirebis reaqcia Cven mier miRebul 3 -formil -
nawarmzec gangvexorcielebina. 2 -eToqsikarbonil -3-formil -5-fenilindols  (45) 
vacxelebdiT eTilenglikolSi 180 °C-mde. sareaqcio narevze Txelfenovani 
qromatografiis saSual ebiT warmoebuli dakvirvebis Sedegad dadginda, rom 
formilis jgufis moxleCa mocemul pirobebSi ar mimdinareobs.  

2-eToqsikarbonil -3-formil -5-fenilindolis (45) iw speqtrSi ( KBr) NH 

jgu fis STanTqmis zoli vlindeba 3409 sm -1 ubanSi, aldehiduri CH jgufis Ł 
3178 sm-1 ubanSi, aldehiduri C=O ï 1635 sm-1, xolo esteruli  C=O ï 1712 sm-1 

ubanSi.  
45-e aldehidis  ultraiisferi speqtri (dmfa -Si ) (nax. 9) ar Seicavs  

mokletalRovan maqsimumebs, romelic sawyisi naerTis speqtrSi mdebareobda 
206 nm ubanSi. SeimCneva mxolod ori ST anTqmis maqsimumi 268 da 329 nm-ze, 
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romlebic batoqromuladaa wanacvlebuli sawyisi esteris  14 STanTqmis ana-
lo giur maqsimumebTan SedarebiT ( nax. 2) Sesabamisad 8 da 29 nm -iT. rac axal 
SeuRlebul sistemaSi eleqtronuli gad asvlebis energiis Semcirebaze  
miuTiTeb s. 

2-eToqsikarbonil -3-formil -5-fenilindolis 1
H-bmr speqtris (D6-dmso-Si) 

(cxrili 4) yvelaze susti velis 12.88 vmn ubanSi SeimCneva NH protonisaTvis 
damaxasi aTebeli singleturi signali. analogiuri singleturi signali 
SeimCneva 10.63 vmn ubanSi, romelic Cv en mivakuTvneT aldehidis jgufis 
protons. indolis birTvis 4H protonis dauxleCavi signali SeimCneva 8.47, 6H 

protonis signali ki, dubletis saxiT Ł 7.64 vmn ubanSi (J67 8.5 hc). 7H protonis 
aseTive dubleturi signali SeimCneva 7.65 vmn ubanSi (J 8.5 hc). gverd iTi 
fenilis birTvis protonebis signalebi vlindeba erTi dubletisa da ori 
tripletis saxiT, Sesabamisad, 7.65, 7.48 da 7.36 vmn ubanSi. amaTgan dubleti da 
7.48-ze mdebare tripleti Seesabameba or -or, Sesabamisad, a da  b protonebs, 
xolo 7.36 -ze mdebare tripleti , romelic erT protons Seesabameba, Cven 
mivakuTvneT am birTvis para ( c) protons. am signalebSi SeiniSneba spin -spinuri 
urTierT qmedeba 7.57 hc-is sididis konstantiT. esteruli  eTilis jgufis 
protonebi mJRav ndeba 1.40 vmn (tripleti CH3) da 4.46 vmn (kvarte ti CH2) ubanSi . 

45-e 13C-bmr speqtri (D6-dmso-Si) (ix. eqsperimentuli nawili) Seicavs 17 
signals. speqtris yvelaze sust velSi 187 .80 mdebare signali mivakuTvneT 
aldehidis jgu fis naxSirbadis atoms, xolo 160.20 signali Ł karboqsilis 
jgufis naxSir badis atom is signalebs. eTilis jgufis CH3 da  CH2 naxSirbadis 
atomebis signalebi mJRavndeba Sesabamisad, 14.27 da 62.07, danarCeni 
naxSirbadis ato mebis signalebi  ki mJRavndeba 140.91 -113.66 vmn ubanSi. 

45-e nivTierebis mas -speqtrometrulad gansazRvruli molekuluri m asa 
emTxveva gamoTvlils. speqtrSi molekuluri ionis Sesabamisi pikis (293) garda 
SeimCneva (M+1)

+
 ionis  Sesabamisi piki (294)  (sqema 11). mas-speqtri Seicavs pikebs 

masebiT: romlebsac Seesabameba narCeni ionebi, romlebic SeiZleboda warmo -
qmniliyo molekulur i ionidan Semdegi jgufebis Tanmimdevruli moxleCiT   
C2H5 (-29), CO2(-44) da  CHO(-30). 

me-11 sqemaze warmodgenilia 45-e nivTierebis molekuluri ionis fragmen -
ta ciis ramdenime gza.  
 

293 (75)216 (3) 191 (5)264 (52)

- 29

- CHO

- 73

- COOC2H5- C6H5

- 29

- 77

- C2H5

264 (52)

- CO2

- 2
9

- 44

220 (6)

- C
HO

 
sqema 11. 2-eToqsikarbonil -3-formil -5-feni lindolis  (45) mas-speqtri  
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nax. 9. 2-eToqsikarbonil -3-formil -5-fenilindolis (45) ult r aiisferi    

speqtri dmfa -Si  

 

 
 
nax. 10. 2-eToqsikarbonil -3-dimeTilaminomeTil -5-fenilindolis (46) 

ultraiisferi speqtri (eTanolSi ) 
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2.2.2. aminomeTilireba manixis mixedviT  
 

manixis reaqcia erT -erTi yvelaze kargad Seswavlil e leqtrofilur Ca -
nacvlebis reaqcias warmoadgens [18 6,187], romlis arsic moZravi wyalbadatomis 
mqone naerTebis N-Canacvlebuli aminokomponentebiT aminoalkilirebaSi mdgo -
mareobs. reaqciis produqtebi SesaZlebelia gamoyenebul iqnan ara marto ro -
gorc sawyisi nivT ierebebi mravali biologiurad aqtiuri naerTis misaRebad 
[188,189], aramed, uSualod, rogorc farmakologiuri saSualebani.  

indolis aminomeTilireba, formilirebis msgavsad, midis oTaxis tempe -
ratu raze da maRali gamosavlianobiT iZleva ɓ-Canacvlebis produqtebs [99] Ł 
umartivesi indoluri alkaloidis Ł graminis warmoebulebs.  

CvenTvis, dimeTilaminomeTilirebis reaqciis Seswavla interess iwvevda 
ara marto Cven mier sinTezirebuli indolis qimiuri Tvisebebis Seswavlis 
Tval sazrisiT, aramed rogorc  graminis sinTezuri analogebis miRebis SesaZ -
leb loba.  

2-eToqsikarbonil -5-fenilindolis (14) dimeTilaminomeTilirebiT a xlad 
momzadebuli manixis reagentiT (dimeTilamini, formaldehidi, ZmarmJava) mivi -
ReT graminis tipis manixis fuZe (sqema 12).  

Sedegma aCvena, rom esteruli  jgufis sivrciTi dabrkolebis miu xedavad, 
reaqcia warimarTa indolis analogiurad Ł ɓ-Canacvlebuli pro duq tis 
warmoqmniT, xolo amave jgufis eleqtronaqceptoruli gavlenis Sedegad hete -
rociklis Semcirebuli reaqciis unarianobis gamo, dimeTilaminomeTi li re bis 
reaqciis Catareba moiTxovda mkacr pirobebs, kerZod, reaqcia CavatareT 90 °C-

ze. 
3-d imeTilaminomeTil nawarmi 46 miviReT 63% gamosavlianobiT [78].  
 

sqema 12.  
 

N
H COOC2H5

N
H

COOC2H5

14 46

CH2-N(CH3)2

90oC

NH(CH3)2/CH2O/CH3COOH

N
H COOC2H5

47

CH2-NH(CH3)2

Cl

 
 

sinTezirebuli gramini (46) gadayvanili i qna Sesabamis hidroqloridSi 
47 46-e naerTisa da mSrali HCl-iT gajerebuli absoluturi spirtxsnaris 
urTierTqmedebiT. absolu turi dieTilis eTeriT gamoleqvisas marili miiReba 
sisufTavis maRali xarisxiT TiTqmis raodenobrivi gamosavlianobiT.  
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2-eToqsikarbonil -3-dimeTilaminomeTil -5-fenilindolis (46) iw speqtrSi 
(KBr) Cans indoluri NH-Tvis damaxasiaTebeli viwro zoli 3317sm -1 ubanSi, 
1674sm-1-ze Ł esteruli  C=O bmis maxasiaTebeli intensiuri zoli , xolo 2800 -
3000sm-1 ubanSi aromatuli CH-bmebis STanTqmis ramdenime zoli.  

TiTqmis analogiuri suraTi SeimCneva am nivTierebis hidroqloridis iw 
speqtrSic ( KBr), sadac Cans Semdegi jgufebis STanTqmis  zolebi: 3309sm -1 (NH), 

1697 sm-1 (C=O), 2800-3000 sm-1 aromatuli CH-ebi. 2700 sm-1-ze Cndeba axali 
mesameuli aminebis marilisTvis damaxasiaTebeli zoli (e.w. amoniumis zoli).  

46-e nivTierebis ui speqtri (eTanolSi) (nax. 10) Zalian hgavs sawyisi 
eTeris (14)  ui speqtrs da mkveTrad gansxvavdeba aldehidis (45) speqtrisagan. 
aq SeimCneva saSualo da grZeltalRovani maqsimumebis umniSvnelo batoqro mu-
li wanacvleba Sesabamisad 1 da 6 nm -iT. cxadia, rom es asec unda iyos, vina i -
dan aminuri jgufi ver axdens gavlenas erTiani SeuRlebuli eleqtronuli 
sis temis energiaze.  

2-eToqsikarbonil -3-dimeTilaminomeTil -5-fenilindolis (46) 1H-bmr spe-
qtr Si D6-dmso-Si) (nax. 11,12; cxrili 4) vlindeba indoluri NH-Tvis 
damaxasiaTebeli singleti 11.68 vmn ubanSi, aromatul ubanSi arsebuli 
signalebi mivakuTvneT Sesabamisad, 4 H protonebs Ł 8.02 singleti , 6H Ł 7.57 
dubleti , 7H ï 7.51 dubleti . aromatuli protonebis ubanSi arsebuli danarCeni 
signalebi miva kuTv neT 7.65 vmn dubleti (ori protoni) Ł gverdiTi birTvis 
orTo aH protonebs, 7.46 vmn (ori  protoni) Ł meta protonebs bH da 7.32 vmn 
tripleti (erTi protoni) Ł para protonebs ( cH). Zlieri velis ubanSi gvaqvs 
eTilis jgufis protonebisTvis damaxasiaTe beli ori signali 4.34 vmn 
kvarteti ( CH2), 1.36 tripleti ( CH3) da amino -jgufis Sesabamisi protonebi  3.95 
singleti ori protoni ( NCH2), 2.18 singleti eqvsi protoni ( NCH3). 

46-e nivTierebis  13C-bmr speqtrSi  (ix. eqsperimentuli nawili)  SeimCneva 
naxSirbadis atomebis 14 signali, romelTagan SedarebiT Zlieri velis ubanSi 
mdebare signalebi 14.26 da 60.32 miekuT vneba Sesabamisad, eTilis  CH3 da  CH2  
jgufebs. 45.12 vmn ubanSi mJRavndeba NCH3 signali. velis yvelaze sust ubanSi 
161.66 mJRavndeba karboqsilis jgufis naxSirbadis atomis signalebi. danarCeni 
naxSirbadis atomebis signalebi mJRavndeba 112.83 -141.35 vmn ubanSi.   

46-e nivTierebis mas -speqtrSi (sqema 13) SeimCneva molekuluri ionis piki 
322. speqtris yvelaze maRalintensiuri piki 307 (100%) Seesabameba molekuluri 
ionidan  CH3 jgufis moxleCis Sedegad warmoqmnil ions. am ukanasknelidan 
SeimCneva Semdegi jgufebis mo xleCa:   307 -  N (-14), 293 Ł CH3 (-15), 278 Ł C2H5O (-46), 

232 ï CO (-28), 190 ï CH2 (-14). SesaZlebelia  dagveSva dimeTilaminomeTilis 
fragmentis moxleCa, Tumca, ar gamovricxavT, rom 322-307-293 masis ionebi 
Seesabameba esteruli  jgufis frangmentacias, rasa c unda mo yves dekar -
boqsilireba Sesabamisad, 249 pikis gaCeniT , rac ar SeimCneva . aRsaniSnavia, rom 
arc am speqtrSi SeiniSneba gverdiTi benzolis birTvis moxle Ca. 
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M+ 322 (52)
- CH3

- 15

- N
293 (42)307 (100)

- 15- 14

- C2H5

- CH3

264 (4)

278 (11)

- N(CH3)2

- 14

- 44

- CO

- CH2

- 14

- 29
235 (3)

- 46- C2H5O

232 (14)204 (17)
- 28

190 (3)
- CH2

 
 

sqema 13. 2-eToqsikarbonil -3-dimeTilaminomeTil -5-fenilindo lis  (46)  
         mas-speqtri  
 
 
 

2.2.3. azoSeuRlebis reaqcia  
 

azoSeuRlebis reaqcia, vilsmaier -haakisa da manixis reaqciebTan Seda re -
biT, maRali SerCeviTobiT xasiaTdeba. arildiazoniumis ka t ionTan reaqciaSi 

Sedis mxolod gaaqtiurebuli an p-Warbi aromatuli naerTebi (fenolebi, naf -
to lebi, piroli, indoli da sxva). azoSeuRlebis reaqcias aqvs rogorc 
samecniero, ise praqtikuli mniSvnelobac, romlis saSualebiT SesaZlebelia 
substratis sareaqcio centrebis reaqciis unarianobis Tvisobrivi Sedareba, 
agre Tve iseTi  azos aRebrebis miReba, romelTac bunebrivi analogebi ar 
gaaCniaT. 

indolur naerTTa rigSi azoSeuRlebis reaqciebis Seswavlam aCvena, rom 
ar sebobs pirdapiri kavSiri reaqciis produqtebsa da sareaqcio ares pH-s So -
ris. neitralur areSi azoSeuRleba mimdinareobs indolis  birTvis ɓ-mdgoma-
re obaSi reaqciis produqtTa maRali gamosavlianobiT, xolo mJava da tute 
are Si reaqcia rTuldeba Tanamde procesebiT [41,120,121].  

Cven SeviswavleT 30-32-e naerTebis azoSeuRlebis reaqciebi.  
sakvlevi naerTebis 30-32 2-fenilis birTvSi arsebuli ori hidr oqsilis 

jgufis gavleniT mosalodneli iyo mTlianad sistemis reaqciis unarianobis 
gazr da. meores mxriv, mosalodneli iyo am jgufis gavleniT indolis birTvi -
saTvis damaxasiaTebeli Canacvlebis orientaciis Secvla, kerZod, Canacvlebis 
upi ra tesi warmarTva 2 -feni lis birTvSi, an indolis ɓ-mdgomareobaSi an ori -
veSi erTdroulad.  

Cveni azriT, am sakiTxis garkvevisaTvis saukeTeso saSualebas warmoad -
genda 30 -32-e naerTebis swored iseT sust eleqtrofilTan  urTierTqmedeba, 



   75 

 

ro go ricaa aril diazoniumis ka t ioni. azoSeuRlebis reaqciebi SeviswavleT 
fe nil dia zo niumis, p -qlor, p -nitro da p -sulfamidofe nildi azo ni umis 
qloridebTan wyal -eTanolis narevSi (sqema 14) rogorc pH 6-7 (Canacvlebis 
mosalodneli ori entacia indolis me -3 mdgomareobaSi), aseve  pH 8-9 
(Canacvlebis mosa lod neli orientacia 2 -fenil is birTvSi) pirobebSi.  

reaqciis tute areSi ( pH 8-9) Catarebisas SeimCneoda sagrZnobi Sefisva.  
30-e da 31 -e naerTebis azoSeuRlebas vatarebdiT neitralur areSi 0 -50C 

pirobebSi. azokomponentis Canacvleba warimarTa erTmniSvnelovnad Ł pirolis 
birTvis ɓ-mdgomareobaSi. qromatografiulad sufTa arilazo nawarmebi (48 -55) 
warmoiqmna 50-92% gamosavlianobiT [166].  

2-(2',5'-dihidroqsifenil) -5-qlorindoli (32) aRniSnul pirobebSi ar Sedis 
azoSeuRlebis reaqciaSi, rac qloris atomis gavleniT gamowveuli de zaqti va-
ci iT SeiZleba aixsnas.  

am reaqciaSi ar Sedis agreTve 2 -eToqsikarbonil -5-fenilindoli (14) da 

misi N-meTilwarmoebuli (56), romelTa molekulaSi arsebuli a-eToqsi kar bo -
ni lis jgufis aqceptoruli gavlena gadaulaxav dabrkolebas qmnis susti 
ele qtro filebisaTvis.  aqedan gamomdinare me-14 da 56 -e naerTebis azoSe uRle -
bis reaqciebi SeviswavleT aratradiciuli meTodiT, arapolarul organul 
gamxsnelSi fazaTaSorisi katalizatoris pirobebSi.  

fazaTaSorisi katalizi saTaves gasuli saukunis 50 -ia ni  wlebidan iRebs 
da mravali sa intereso da mniSvnelovani reaqciis ganxorcielebis saSualebas 
iZleva [190 -192]. man praqtikulad organuli sinTe zis yvela sfero moicva, maT 
Soris gamonaklisi arc azoSeuRlebis reaqciaa [193,194]. azoSeuRl ebis 
reaqciis Catareba fazaTaSorisi katalizis pirobebSi  saSualebas iZleva 
azokomponentad gamoyenebuli iqnas iseTi susti aqtiuro bis aromatuli 
naerTebi, romelTac klasikur pirobebSi ar SeswevT unari Se vid nen 
azoSeuRlebis reaqciaSi [195,196]. amasTanave, fazaTaSorisi katalizis pi ro -
bebSi azoSeuRebis reaqciis C atareba iTvaliswinebs reaqciis warmarTvas 
arapolarul organul garemoSi, aqedan gamomdinare, azoSeuRleba ar aris da -
moki debuli sareaqcio sistemis  pH-is mniSvnelobaze.  
 
sqema 14.  

N
H

R

OH

HO
30-32

N
H

R

OH

HO

N=N

R1

N2ClR1

48-55

30, 48-51 R= H; 31, 52-55 R= CH3; 32, R= CI; 48, 52 R1= H;

49, 53 R1= CI; 50, 54 R1= NO2; 51, 55 R1= SO2NH2  
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14-e da 56 -e naerTebis azoSeuRlebis reaqciebi (sqema 1 5) CavatareT 
litera turaSi aRwerili meTodiT [19 5,197] qloroformis areSi fazaTaSorisi 
katalizatoris Ł benziltrimeTilamoniumis qloridis ( BTMAC) Tanaobisas. 
azo komponentad SevarCieT 2,4 -dinitrofenildiazoniumis hidrosulfati, 
romelic aprotonul gamxsnelSi uxsna dobis gamo diazotirebis procesSive 
gadayvanili iqna Sesabamis diazoniumis tetraf T orboratSi.  

azoSeuRlebis reaqciis xangZlivoba oTaxis temperaturaze  Seadgenda 16-
sT -s. Canacvlebis orientacia arcerT SemTxvevaSi ar Secvlila. miRebulia  
da daxasiaTebulia Ses abamisi ɓ-Canacvlebuli diazonaerTebi (57,58).  

fenilazonawarmebis (48 -55) iw speqtrSi ( KBr) yvelgan SeimCneva N=N bmis 
damaxasiaTebeli STanTqmis zolebi 1612 (48,51,53), 1613 (49) da 1620sm -1 ubanSi 
(52,55). 

nitrofenilazonawarmebSi (50,54) es zolebi gadaweulia dabal i sixSi re -
ebis ubanSi 1610 (50) da 1605 sm -1 (54). yvela speqtrSi indoluri NH da 
fenoluri hidroqsilis jgufebi mJRavndeba farTo maRalintensiuri zolis 
saxiT 3200 -3500 sm-1 ubanSi. zogierT maTganSi SeimCneva calkeuli zo le bis 
gamoCena mxrebis saxiT. mag: 4 9-e naerTis speqtrSi 3400 da 3230sm -1 ubanSi, 53 -e 
naerTis speqtrSi 3286, 3386 da 3417sm -1-ze. 48-e, 50-e, 52-e da54-e naerTebis spe -
qtrebSi ki es ubani praqtikulad TiTo zoliTaa warmodgenili, Sesabamisad 
3417 (48), 3420 (50), 3410 (52) da 3400 sm-1 (54) ubnebSi. sxva speqtrebTan SedarebiT 
ufro farTo zolebs Seicavs sulfamidojgufis Sem cveli naerTebis (51, 55) iw 
speqtrebi, vinaidan amave ubanSi mJRavndeba NH2  jgu fis STanTqmis zolebic.  
sqema 15.  

N
R

COOEt

N
R

COOEt

Ar-NH2 Ar-N2 BF4

NaNO2/H2SO4
Ar-N2 HSO4

HBF4

Ph

Ph

57, 58

14, 56

BTMAC

CHCI3

Ar= NO2

O2N

N=N-Ar

56, 58 R= CH3

14, 57 R=H

 
 

nitrofenilazonawarmebis (50,54) iw sp eqtrebSi SeimCneva aseve NO2-jgu -
fis Tvis damaxasiaTebeli STanTqmis zolebic 1332, 1510 (50) da 1327, 1512sm -1 (54). 

fenilazonawarmebis (48, 52) ui speqtrebi (eTanolSi) TiTqmis erTnairia. 
orive maTgani Seicavs gamokveTil maqsimumebs 296 da 303 nm -is ubanSi.  TiTqmis 
analogiuria p -qlofenilazonawarmebis ui speqtrebic, romelTa maqsimumebSic 
SeimCneva umniSvnelo batoqromuli wanacvleba.  

sulfamidonawarmebisa (50, 54) da nitronawarmebis (51, 55) ui speqtrebSic 
SeimCneva grZeltalRovani maqsimumis batoqromuli wanacv leba Sesabamis 
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fenilazonawarmebis maqsimumebTan SedarebiT, Tumca es wanacvleba ar aRe mate -
ba 10-12 nm-s, rac am jgufebis umniSvnelo gavlenaze miuTiTebs.  

5-meTilis jgufis gavlena SeimCneva mxolod fenilazo nawarmebSi  49,52, 
sadac dafiqsirebulia umniSvnelo  (4 nm) hifsoqromuli wanacvleba.  

48-55-e naerTebis 1H-bmr speqtrebis (ix. cxrili 5) signalebis mikuTv neba 
zemoT ganxilul naerTebTan SedarebiT gaZnelebulia ramdenime arom atu li 
birTvis arsebobis gamo, Tumca 5 -meTilwarmoebulebis SemTxvevaSi es Seda re -
biT advili gadasawyvetia indoluri protonebis signalebis multiple to bis 
gamartivebis gamo. yvelaze Znelad gasarCevia fenilazonawarmebis speqt rebi, 
sadac aromatuli protonebis ubanSi SeimCneva ramdenime Znelad gasar Cevi 
multipleturi signali.  

fenilazojgufSi pa ra Camnacvlebis arseboba amartivebs am jgufis aro -
matuli protonebis signalebis xasiaTs. amis TvalsaCino magaliTia 51 -e da 55 -
e sul famidofenilazonawarmebis 1H-bmr speqtrebi.  

gacilebiT martivia 55 -e nivTierebis speqtri (D6-dmso-Si) (nax. 13,14). 
indoluri  NH vlindeba susti velis 12.03 vmn ubanSi. hidroq si lis 

jgufis protonebis signalebi vlindeba 9.91 da 9.10 vmn nawilSi farTo sig na-
lebis saxiT, romelTac TiTo protoni Seesabameba.  velis Zlier ubanSi 2.43 
SeimCneva CH3 jgufis sami protonis Sesabamisi single turi signali. 
aromatuli protonebidan yvelaze sust velSi 8.30 mJRavn deba indoluri 4 H 

protonis singleturi signali, Semdeg Cans fenilazojgufis a'H protonebis  

dubleturi  signali ( J 8.4 hc) 7.92 da amave jgu fis b'H protonebis signalebi Ł 
7.87. ubanSi ( J 8.4 hc ) dubletis saxiT. indoluri 6 H mJRavndeba 7.10 dubletis 
saxiT ( J 8.4 hc), indoluri 7 H mJRavndeba 6.9 aseve dubletis saxiT ( J 8.4 hc), 
hidroqinonis birTvis proto nebis signalebi SeimCneva 7.44 dubletis saxiT 3 'H 
(J 8.8 hc), 6.77 dubleti 4 'H (J 8.8 hc), xolo  6'H mJRavndeba singletis saxiT 7.58. 
xuTive ukanasknel sig nals Seesabameba TiTo protoni. sulfamiduri jgufis 
NH protonebis  single tu ri signali SeimCneva 7.41 vmn ubanSi.  

57-e nivTierebis iw speqtrSi ( KBr) indoluri NH SeiniSneba 3309 sm-1 
ubanSi, esterul i  C=O ï 1689 sm-1 ubanSi , N=N Ł1620sm-1,  NO2 Ł jgufi Ł 1535 da 
1388 sm-1 ubanSi, xolo aromatuli CH-ebi Ł 2850-3000sm-1 ubanSi.  

58-e nivTierebis iw speqtrSi ( KBr) aRar SeiniSneba NH jgufis STanTqmis 
maxasiaTebeli zoli. esteruli  jgufis karbonilis maxasiaTe beli zoli 
wanacvlebulia ufro maRali sixSireebis ubnisken 1712sm -1, N=N bma daaxlo ebiT 
1600 sm-1 ubanSi dabalintensiuri STanTqmis zolis saxiT vlindeba, xolo NO2  
_ 1558 da 1335 sm-1 ubanSi.  

mkveTrad gansxvavdeba am ori nivTierebis ui speqtrSi (eTanolSi) STan-
Tqmis mrudebi sawyisi nivTierebis (14) STanTqmis mrudebisgan da es ZiriTadad 
exeba grZeltalRovan maqsimumebs. orive nivTierebis grZeltalRovani maqsi mu-
mebi wanacvlebulia daaxloebiT 400 nm -ken da orives gaaCnia damatebiTi 
STanTqmis dabalintensiuri m aqsimumebi, 56-Tvis Ł 410 nm (mx), xolo 57 -Tvis Ł 
567 nm-ze. 

57-e nivTierebis 1H-bmr speqtrSi (D6-dmso-Si) (cxrili 4) aris esteruli  
jgufis CH3-is tripleturi signali 1.42 da CH2-is signali kvartetis saxiT 
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4.38 vmn ubanSi. indoluri NH vlindeba 11.68 vmn uban Si. aromatuli protonebis  
ubanSi garkveviT Cans or nitro jgufs Soris moqceuli meta protoni aH,  9.56, 
amave birTvis cH-protonebi dubletis saxiT vlindeba 8.78 -ze ( J 8.8 hc), xolo 
bH protonebi dubletebis dubletis saxiT 8.27 vmn (Jm 1.2 hc; J 8.8 hc), 
danarCeni  protonebis signalebi rTuli multipletis saxiT mJRavndeba 7.37 -
7.69 vmn ubanSi, romelic Seesabameba rva protons.  

58-e nivTierebis 1H-bmr speqtris (D6-dmso-Si) (cxrili 4) susti velis 
ubanSi ar aris NHŁis protonebi, samagierod SeimCneva NCH3Łis singleturi 
sig nali 2.35. danarCeni protonebi, maT Soris dinitrofenilis birTvis pro to -
nebi mJRavndeba rTuli multipletis saxiT, romelTagan SeiZleba aH da cH 

protonebis calsaxa mikuTvneba Sesabamisad, 8.00 dubleti da 7.80 tripleti.  
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2.2.4. nitrozirebis reaqcia  
 

nitrozirebis reaqcia organuli sinTezis erT -erTi mZlavri instru ment-
Tagania [198]. es reaqcia gamoiyeneba  N da  C nitrozirebisaTvis. warmoqmnili 
nitrozo nawarmebi, xSir SemTxv evaSi, gamoiyeneba, rogorc sakvanZo, Suale du ri 
nivTierebebi sxva mniSvnelovani organuli naerTebis mravalsafexuriani 
sinTezebisaTvis [19 9]. 

indoli, rogorc p-Warbi aromatuli sistema advilad Sedis C-nitro zi -
re bis reaqci aSi [200 ]. pirolis birTvSi Camnacvle blis mqone indoluri 
naerTebis nitrozireba mimdinareobs umTavresad pirolis ɓ-naxSirbadatomTan 
hidroqsimino (izonitrozo) da nit rozo nawarmebis warmoqmniT [201,202]. 

2-eToqsikarbonil -5-fenilindolis (14) nitrozirebiT yinulovan ZmarmJa -
vaSi uwylo NaNO2-is Warba d gamoyenebisas 80 °C-ze miviReT é59-e naerTi 
TiTqmis raodenobrivi gamosavlianobiT (sqema 16).  

N-Canacvlebuli indolebisaTvis izonitrozoizomeris warmoqmna 
gamoricxulia. nitrozo nawarmebis miRebis mizniT, CavatareT me -14 naerTis N-

meTil warmoebulis (56) nitroz ireba, magram reaqcia ar warimarTa da sawyi si 
N-alkil nawarmi sareaqcio narevidan gamoiyo praqtikulad danakargis gareSe.  

 
sqema 16.  
 

N
H

Ph

COOEt

14

NaNO2 /CH3COOH

N

Ph

COOEt

59

N OH

 
 
aseve uSedego aRmoCnda 30-32 naerTebis nitrozirebac. reaqciebi 

mimdinareobda mniSvnelovani SefisviT da Sedegad miiReboda rTuli narevi, 
rom lis dayofac SeuZlebelia Semadgeneli komponentebis Rf Łebis mcired 
gansxvavebuli mniSvnelobebis gamo.  

59-e naerTis iw speqtrSi (vazelinis zeT Si ) izonitrozo OH jgufis maxa -
si aTebeli STanTqma vlindeba farTo zolis saxiT 3300-3600 sm-1 ubanSi.  

amave naerTis ui speqtri (eTanolSi) Seicavs 3 maqsimums Sesabamisad, 209, 
223 da 252 nm-ze. 

59-e naerTis 1H-bmr speqtrSi (D6-dmso-Si) (cxrili 4) izonitrozo jgufis 
protonis signali vlindeba 13.05 v.m.n. ubanSi singletis saxiT, indolu ri 4 H 

protoni Ł 8.25 (J 6.95 hc) singletis saxiT, indoluri 6 H  protoni Ł 7.33 
dubletis saxiT ( J 8.5 hc), 7H protoni vlindeba 7.42 vmn ubanSi ( J 8.5 hc), 
romelic  fenilis birTvis meta protonebTan erTad qmnis arasimetriuli 
tripletis formis signals 7.44 ubanSi . fenilis birTvis orTo da para 
protonebi mJRavndeba multipletis saxiT 7.59 -7.66 ubanSi, romelSic SeimCneva 
spin -spinuri urTierTqmedeba Ł J 6.95 hc Zlieri velis ubanSi SeimCneva rTuli 
esteruli  jgufis protonebis ori signali: 4.45 kvarteti ( CH2) ori protoni 
d a 1.45 Ł tripleti ( CH3) sami protoni.  
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2.2.5. N-al kilirebis reaqcia  
 

cnobilia indolisa da misi 2 - da 3-Canacvlebuli  nawarmebis alkali re -
bis araerTi meTodi [99,136 -138]. rogorc literaturis mimoxilvaSi aRvniSneT, 
n. suvorovis jgufis [136] mier aRwerili ind olisa da misi 2 - da 3-
Canacvlebuli  nawarmebis alkilirebis meTodi fazaTaSorisi katalizis 
pirobebSi warmatebiTaa gamoyenebuli organuli qimiis mimarTulebaze ara er Ti  
N-benzil nawarmis misaRebad [11,42].  

ukanasknel wlebSi SemuSavebuli meTodi, romelic gamoirC eva reaqciis 
Catarebis pirobebis simartiviT efuZneba N-alkilirebas super  fuZe areSi (di -
meTil sulfoqsidi/ KOH) oTaxis temperaturaze [137,138]. aRniSuli meTodi gamo -
vi yeneT sakvlevi indolis  N-Canacvlebuli nawarmebis misaRebad.  

2-eToqsikarbonil -5-fenilindo lis (14) N-alkilireba CavatareT sxva da-
sxva maalkilirebeli agentebiT (sqema 17) [17 9]. 

 
sqema 17. 

N
H

Ph

COOEt

14

d mso /KOH/RX

N
R

Ph

COOEt

56, 60-63

56 R=CH3; 60 R=C
2
H

5
; 61 R=C4H9; 62 R=CH2-C6H5; 63 R=CH2-CH=CH2  

 

super fuZe areSi N-alkilirebisas mosalodneli iyo sakvlevi indolis 
molekulaSi arsebuli esteruli  jgufis hidrolizi da Tanamd e pro duq te bis 
warmoqmna, magram  vinaidan reaqcias vatarebdiT oTaxis temperaturaze, al ki -
lireba warimarTa calsaxad, miznobrivi N-Canacvlebuli produqtebis 
warmoqmniT.  

analogiur pirobebSi me -14 indolis N-alkilireba iseTi maalkili re be-
li agentebiT, rog oricaa izopropilqloridi da p -nitrobenzilqloridi uS e-
degod damTavrda.  

literaturidan cnobilia indolebisaTvis damaxasiaTebeli 1,3 -, 2,3- da 
3,2-gadajgufeba [20 3,204]. aRwerilia aseve 1,7 -gadajgufeba Ł benzilis jgufis 
migracia N-benzil -2-fenilindolebis piroli s birTvidan benzolis birTvSi 
[11]. sinTezirebul N-alkil nawarmebs vacxelebdiT pfm -Si ( >100°C) da procesis 
msvlelobas detalurad vswavlobdiT Txelfenovani qromatografiis 
saSualebiT.  

N-benzil -2-eToqsikarbonil -5-fenilindolis pfm -Si gacxelebis procesSi 
warmoiqmneba mravalkomponentiani rTuli narevi. sareaqcio narevSi Semavali 
komponentebis Rf-is mniSvnelobebs vadarebdiT Sesabamisi  N-Caunacvlebel -, N-

benzil - da winaswar miRebul da gasufTavebul 7-benzilnawarmebis sinjebis 
Rf-Tan. amgvari dakvirvebis Sedegad davadgine T, rom N-benzil -2-
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eToqsikarbonil -5-fenilindolis gacxelebisas pfm -Si maRal temperaturaze 
adgili aqvs benzilis jgufis moxleCasa da 1,7 - migracias. samwuxarod, 1,7 -
migraciis produqti ver gamovyaviT, ra dgan narevSi Warbobda moxleCis 
produqtebi.  

danarCeni N-al kil nawarmebis (56,60,61,63) pfm-Si gacxelebisas 
gadajgufeba ar warimarTa da sawyisi naerTebi ucvleli saxiT gamovyaviT.  

N-alkilirebis produqtebis iw speqtrSi (56, 62, 63 Ł KBr; 60, 61 ï vaze li -
nis zeTi  ) aRar SeimCneva sawyisi nivTierebis (14) NH-is damax asiaTebeli STan -
Tqmis zoli. am speqtrebSi SenarCunebulia esteruli  karbonilis jgufis 
maRalintensiuri viwro zolebi 1690 -1713 sm-1 ubanSi, romlebic sawyisi 
nivTierebis analogiur zolTan SedarebiT wanacvlebulia SedarebiT maRali 
sixSireebis ubanSi.  

63-e nivTier ebis iw speqtrSi, garda amisa, SeimCneva alilis jgufis CH 

bmebis maxasiaTebeli zolebi aromatuli CH bmebis zolebTan erTad 2862 -3063 
sm-1 ubanSi ramdenime zolis saxiT da C=C bmis Sesabamisi STanTqmis zoli 
1643 sm-1 ubanSi. 

56-e, 60-63-e naerTebis ultraiisfer i speqtrebis (56 -eTanolSi, 60, 61, 63 -
dmfa, 62 -benzoli) xasiaTi ar gansxvavdeba sawyisi nivTierebis (14) STanTqmis 
xasiaTisgan.  

56-e  N-meTilnawarmis 1
H-bmr speqtrSi (D6-dmso-Si)  (nax. 15,16; cxrili 6) 

susti ve lis ubanSi araviTari signali ar aris, rac meT ilis jgufis azotis 
atomTan ori entacias miuTiTebs. 7.95 vmn ubanSi arsebuli singleturi signali 
mivakuTvneT indoluri 4 H-s. aseTive singleturi signali 7.32 -ze Ł mivakuTvneT 
in do lur 3 H-s, indolis birTvis danarCeni ori protoni  6 H da  7H,  ori dub -
le tis sa xiT mJRavndeba Sesabamisad 7.68 ( J 7.25 hc) da 7.33 ( J 7.25 hc) ubanSi. 
gverdiTi fenilis birTvis meta protonebi  Ł bH mJRavndeba gancalkevebuli 
tripletis saxiT 7.46 ( J 7.72 hc), xolo am birTvis orTo da para protonebi 
indoluri 6 H protonis signalTan erTad qmn ian multiplets. aseve Zlier 
velis ubanSi SeimCneva CH2 da CH3 jgufebis signalebi 4.32 kvarteti ( J 7.25 hc), 
1.34 tripleti ( J 7.25 hc). 4.04 vmn ubanSi mdebare  singleturi signali 
mivakuTvneT NCH3 jgufs.  

analogiuri signalebi aqvs danarCen N-alkilnawarmebsac . ( ix. cxrili 6). 
N-alkilindolebi Sesabamis N-Caunacvlebel indolebTan SedarebiT ga -

ci lebiT mdgradi naerTebia, razec calsaxad metyvelebs am naerTebis mas -speq-
treb Si molekuluri ionebis pikebis intensiurobebis Sedareba.  

N-alkil nawarmebis mas-speqtrebSi maq simalur pikebs warmoadgenen 
molekuluri ionis Sesabamisi pikebi, romelTa fragmentacia iwyeba esteruli  
jgufis daxleCiT. 56 -e nivTierebis mas -speqtrSi (nax. 17) molekulu ri ionis 
(M+ 

= 279) fragmentracia warmod genilia me -18 sqemaze. 
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M+ 279 (100)
- CO2

251 (23)
- 28

- C2H4

- CH3

- 44
207 (9)

- 16- 15

264 (3) 235 (2)

- O

- C
O

- 2
8

 
 
sqema 18. N-meTil nawarmis (56) mas-speqtri  

 
62-e nivTierebis  mas-speqtrSic (sqema 19; nax. 18) maqsimaluri intensi -

urobisaa molekuluri ionis piki M
+ 

= 355, romlis fragmentacia mimdinareobs 
esteruli  jgufis Tanmimdevruli daxleCiT. aRniSnul speqtrS i adgili aqvs 
agreTve benzilis jgufis moxleCasac.  

 
 

M+ 355 (100)
- CO

310 (6)
- 45

- C2H5O

- 28
282 (7)

- COOC2H5

- 73

- CH2C6H5

- 91
191 (2)

309 (5)

- C2H5OH

281 (4)

- 46

- CO

- 28

 
sqema 19. N-benzil nawarmis (62) mas-speqtri  
 
 

2.3. gardaqmnebi gverdiT jaWvSi  

 
sinTezirebuli naerTebis Seswavlisa da potenciuri fiziologiurad 

aqtiuri nivTierebebis gamov lenis mizniT, ganvaxorcieleT Cven mier 
sinTezirebuli naerTebis gverdiTi jaWvis gardaqmnis reaqciebi. kerZod, Se -
vis wavleT 3 -aldehiduri jgufis kondensaciis reaqciebi amino -funqciis 
naerTebTan da 2 -rTuleTeruli jgufis zogierTi gardaqmna.  

 
2.3.1. 2-eToqsikarb onil -3-formil -5-fenilindolis  

 kondensaciis reaqciebi  
 

karbonilis jgufis maRali polarobis gamo, aldehidebi reaqciis 
unariani naerTebia, romelTa ZiriTadi Tvisebaa moZravi wyalbadatomis Semc -
vel naerTebTan nukleofiluri mierTeba -moxleCis reaqciebi. cnobilia, r om 
indol -3-il -aldehidi, rogorc Sualeduri produqti gamoiyeneba mravali 
biologiurad aqtiuri niv Tierebis misaRebad.  
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cno bilia , rom 3 -formilindolis kondensaciis reaqciebi aRniSnul 
naerTebTan mimdinareobs pH 4-5 an neitralur areSi oTaxis temperaturaze. 
amasTan, reaqciis siCqare, rogorc wesi, damokid ebulia nukleofilis siZlie -
re ze [99].  

aldehidi, romlis Tvisebebis Seswavlac da visaxeT miznad, a-mdgomareo -
baSi Seicavs eleqtronaqceptorul eToqsikarbonilis jgufs, romelic erTis 
mxriv zrdis mezobeli karbonilis jgufis aqtiurobas, meores mxriv ki qmnis 
dabrkolebas sareaqcio centrTan. CvenTvis saintereso iyo, Tu rogor 
gamovlindeboda e s garemoeba reaqciis mimdinareobisas iseT nukleofilur 
agentebTan, rogorebicaa: hidroqsilamini, fenilhidrazini, Tiosemikarbazidi 
da izonikotinis mJavas amidi (sqema 20)  [1 80]. 

3-formil -2-eToqsikarbonil -5-fenilindolis (45) kondensaciis reaqci ebi 
zemoT dasa xelebul nukleofilebTan ar mimdinareobs 3 -formilin do li saT vis 

aRweril pirobebSi. rogorc mosalodneli iyo, a-eToqsikarbonilis jgufis 
ele qtronuli da sivrciTi gavlenis Sedegad, es reaqciebi mxolod maRal 
temperaturaze mimdinareobs. gamonaklisia am naerTis  feni l hidrazinTan urTi -
erT qmedeba, romelTanac mimdinareobs oTaxis temperaturaze.  

aldehidis kondensacia hidroqsilaminTan mimdinareobs 80 °C-ze. es 
reaqcia ar saWiroebs mJavas damatebas da mimdinareobs neitralur areSi, rac 
hid roqsilaminis Zlieri nukleofilu robiT aixsneba. reaqciis Sedegad war -
moqmnili narevidan miznobrivi produqtis gamoyofas vawarmoebdiT qroma to -
gra fiuli svetis meSveobiT . oqsimis gamosavlianobam Seadgina 60%.  

3-formil -2-eToqsikarbonil -5-fenilindolis (45) kondensacia fenilhid -
ra zin Tan mimdinareobs oTaxis temperaturaze pH 4-5 pirobebSi. Sesabamisi hi d -
ra zo ni (65) TiTqmis raodenobrivi gamosavlianobiT miiReba.  

45-e aldehidis kondensacia Tiosemik arbazidTan da izonikotinmJavas 
amidTan mimdi nareobs spirtxsnarSi duRebiT sust mJava areSi , romelsac 
vqmnidiT 1 -2 wveTi ZmarmJavas damatebiT. kondensaciis produqtebi (66,67) 
warmoiqmneba Sesabamisad 88 da 86% gamosavlianobiT.   

64-67-e naerTebis iw speqtrSi (vazelinis zeTSi) mkafiod Cans rTuli 
eTeruli jgufis karbonilisTvis damaxasiaTebeli STanTqmis zoli 1670 sm -1 
ubanSi 64 -e da 65 -e naerTebisTvis, xolo 1690 da 1700  sm-1 ubanSi, Sesabamisad, 
66-e da 67 -e naerTebisaTvis. SedarebiT dabalintensiuri C=N bmis STanTqmis 
zoli 1640  sm-1-zea. 67-e naerTis amiduri jgufis C=O vlindeba 1680 sm -1 ubanSi. 
indoluri NH bmis STanTqma yvela naerTisTvis (64 -67) SeimCneva 3310 sm-1 
ubanSi. oqsimuri OH bmis STanTqmis zoli 3410 sm -1 dabalintensiuria. 
azomeTinuri jgufis CH bmis STanTqmis zoli praqtikulad gadafarulia 
vazelinis zeTis STanTqmis ubniT, xolo hidrazonu li NH mJRavndeba farTo 
zolis saxiT 3200 -3300 sm-1 ubanSi.  

64-67 naerTebis ui speqtrSi (eTanolSi) praqtikulad ar SeimCneva iden -
tu ri maqsimumebis wanacvlebebi sawyisi naerTis speqtrTan SedarebiT. yvelaze 
grZeltalRovani STanTqmis maqsimumi SeimCneva 65 -e da  66-e naerTebis ultra i -
is fer speqtrSi, rac ar aris gasakviri, radgan orive nivTierebas aqvs moyvi-
Talo feri.  
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sqema 20. 
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CH=N-NH-Ph

N
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45

64 65

CH=N-NH-C-NH2

S

66

N
H COOC2H5

CH=N-NH-C

O

N

67

NH
2 OH

NH 2
-N

H-C
S-N

H 2 NH
2 -NH-CO

N

CHO
Ph-N

H-N
H 2

 
 

64-e nivTierebis 1H-bmr speqtrSi SeimCneva (D6-dmso-Si)  (cxrili 7) NH, OH 

da azomeTinuri CH jgufebis protoneb is singleturi signalebi susti velis 
ubanSi Sesabamisad 12.14, 11.22 da 8.89 ubnebSi. 4 H protonis dubleturi signali 
vlindeba 8.42 ubanSi ( J46 1.26 hc), 6 H protonis dubletur -dubleturi signali 
Ł 7.65 ubanSi (J 8.9 hc), 7H protonis dubleturi signali Ł 7.58 vmn ubanSi ( J 8.9 
hc). 

gverdiTi benzolis birTvis protonebis signalebi motanilia cxrilSi 
#7.  

65-e hidrazonis 1H-bmr speqtrSi (D6-dmso-Si) (cxrili 7) indoluri NH 
vlindeba 12.89 vmn ubanSi, hidrazonuli NH Ł 10.49, xolo CH jgufis Ł7.26. 
speqtris Zlier ubanSi Seim Cneva eTilis jgufis CH2 da CH3-is  signalebi 
kvartetisa da tripletis saxiT , Sesabamisad, 4.41 da 1.42 vmn ubanSi. Aromatu -
li protonebis ubani Seicavs or rTul multipletur signals (15 protoni).  

66-e naerTis 1H-bmr speqtrSi  (D6-dmso-Si)  (cxrili 7) indoluri NH 

mdebareobs 12.28 vmn ubanSi, N-NH Ł11.64 vmn, xolo C-NH2 Ł ori farTo 
singletis saxiT, Sesabamisad, 8.49 da 8.19 vmn ubanSi. 4 H protoni vlindeba 
singletis saxiT 7.44, 6 H dublet -dubleti da 7 H protonis dubleturi 
signalebi, Sesabamisad, 7.66 da 7.59, romlebSi c SeiniSneba konstantebi ( J67 8.8 
hc) da ( J46 1.6 hc). a, b da c proto nebis signalebi mJRavndeba dubletisa da ori 
tripletis saxiT , Sesabamisad, 7.72, 7.45 da 7.33 vmn ubanSi (Jo  7.5 hc). 

speqtrSi aris eTilis jgufis CH2 da CH3-is  signalebi , Sesabamisad, 4.42 
kvarteti da 1.42 tripletis saxiT ( JEt 7.3 hc). 

67-e nikotinoilhidrazonis 1H-bmr speqtrSi (D6-dmso-Si) (cxrili 7) 12.29 
vmn-ze arsebuli  singleti mivakuTvneT indolur  NH-s, 12.18 vmn singleti Ł 
hidrazonul  NH, 9.33 vmn singleti  Ł azomeTinur CH, xolo 4.43 (kvarteti) da 
1.42 (triplet i ) Ł esteruli  jgufis CH2 da CH3 jgufebs ( JEt 6.94 hc). aromatuli  
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protonebi mJRavndeba Semdegi signalebis saxiT: 8.88 4 H singleti, 7.60 Ł 
6H dubleti, 7.68 - 7H dubleti, 7.69 gverdiTi jaWvis orTo protonebi 
dubleti, 7.50 da 7.30 ori triplet,  Sesabamisad, bH da  cH. am signalebSi 
SeimCneva orTo konstanta ( Jo  8.51 hc). ori dubleturi signali 8.80 da 7.89 vmn 
ubanSi mivakuTvneT piridinis birTvis protonebs. 64 -67-e naerTTa 13C bmr 
speqtris monacemebi warmodgenilia eqsperimentul nawilSi.      

      

2.3.2. 3,4-dihidro -4-oqsopiridazino[4,5 -b]-8-fenil -1H-indolis  
sinTezi  

 
didi xania, rac mkvlevarTa gansakuTrebul yuradRebas imsaxurebs azo -

tis sami atomis Semcveli Ł sambirTviani kondensirebuli heterocikluri sis -
te mebi Ł izomeruli piridazinoindolebi da maTi nawarmebi, romlebic maRali 
fiziologiuri a qtiurobis mqone mravali nivTierebis sawyis birTvebs 
warmoadgenen. piridazinoindolis warmoebulebs Soris aRmoCenilia baqteri -
ci duli [ 205], anTebis sawinaRmdego [20 6], antihipertenziuli moqmedebis [20 7] da 
zogierTi fermentis inhibirebis unaris mqone preparat ebi [20 8,209]. 

gansakuTrebul interess iwvevs am rigis naerTebis interkalaciuri aq -
ti uroba. intarkalatoris molekula, rogorc wesi, Seicavs minimum or kon -

densirebul SeuRlebul heteroaromatul, maT Soris erT p-deficitur birTvs 
[210,211]. dnm-is interkalaciuri  unaris mqone naerTebi perspeqtiul antivi ru -
sul da simsivnis sawinaaRmdego preparatebs warmoadgenen. erT -erTi cnobili 
inter kalatori Ł elipticini Ł indolisa da izoqinolinis Semcveli 
oTxbirTviani heterociklis nawarmia (sqema 21).  

sqema 21 
 

N
H

N H

CH3

OCH3

el i pt i c i ni  
 
Cven mier sinTezirebulia aseTi sistemis erT -erTi warmomadgeneli Ł 3,4-

di hid ro -4-oqsopiridazino[4,5 -b]-8-fenil -1H-indoli  (69) [180]. 
sawyis naerTad gamoviyeneT zemoT aRwerili 2 -eToqsikarbonil -5-

fenilindolis 3 -formilnawarmi  (45). am naerTis hidrazinh idratTan duRebiT 
yinu lo van ZmarmJavaSi pirvel safexurze warmoqmnili hidrazoni (68) 
hidrazonuli NH jgufis Sigamolekuluri nukleofiluri Setevis Sedegad 
eToqsikarbo ni lis jgufze ganicdis ciklizacias (sqema 22).  

miRebuli oqsonawarmis analogebi ganicdian arom atizacias POCl3-Tan 
duRilis pirobebSi. am tipis naerTebis karboniluri jgufis maRali reaqciis 
unarianobis gamo, advilad warmoiqmneba Sesabamisi qlorCanacvlebuli, mTli a-
nad aromatuli piridazinoindoli. 4 -qlornawarmebis halogeni moZravia, ris 
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gamoc, es nivTie rebebi SeiZleba gamoyenebul iqnas sxva, aranaklebad sainte re -
so axali naerTebis misaRebad.  
     
sqema 22 

N
H

COOC2H5

45

N
H

NH

N

O69

N
H

COOC2H5

CH=N-NH2

68

N2H4.H2OCHO

N
H

N

N

CI
70  

 
69-e nivTierebis iw speqtrSi (vazelinis zeT Si ) SeimCneva farTo STan Tq-

mis zoli 3400 -3500 sm-1 ubanSi, romelic NH jgufebisTvisaa  damaxasiaTebeli, 
1670sm-1 ubanSi mJRavndeba CO, xolo 1620sm -1-ze Ł C=N jgufi .  

am nivTierebis ui speqtrSi (dmfa -Si ) aris ori STanTqmis maqsimumi 320 
da 330 nm-ze.  

69-e nivTierebis 1
H-bmr speqtris (D6-dmso-Si)  (cxrili 7. nax. 19)  12.83 da 

12.78 vmn ubanSi mdebare single tu ri signalebi mivakuTvneT indolur da 
piridazinonis birTvis NH proto nebs. N=CH jgufis 1H protoni vlindeba 8.82 
singletis saxiT, 9H protoni 8.51 singletis saxiT, 6H da 7H protonebi mJRa v-
ndeba, Sesabamisad, 7.83 dubleti ( J 8.51 hc) da 7. 69 dubletis saxiT ( J 7.91 hc). 
gverdiTi aromatuli birTvis protonebi mJRavndeba 7.76 vmn ubanSi dubletis 
Ł ori protoni ( J 7.25 hc) da ori tripletis saxiT: 7.49 ori protoni ( J 7.57 hc) 
da 7.36 erTi protoni ( J 7.41 hc) (ix. naxazi 19,20; cxrili 7).  

Cveni azr iT, 69 -e oqsonawarmi saintereso sakvlev naerTs warmoadgens, 
romelic SeiZleba safuZvlad daedos momaval gamokvlevebs. 70 -e naerTisa da 
misi advilad moZravi qloris atomis CanacvlebiT iqmneba farTo perspeqtiva 
rigi axali naerTebis sinTezisaTvis.  

  
 

2.3.3. 5-fe nil -indol -2-il -karbonmJavas qloranhidridis  
sinTezi da misi gardaqmnebi  

 
maRali reaqciis unarianobis gamo karbonmJavebis qloranhidridebi (maT 

Soris indolkarbonmJavebis) monawileob en mravalmxriv gardaqmneb Si da 
araerTi biologiurad aqtiuri nivTierebis Suale dur rgolebs warmo adgenen. 
mag., cnobilia [2 12], rom antibiotiki gliotoqsini (sqema 23), swored indol -2-
il -karbonmJavas nawarmia.  
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N

NMeOH

O

O

CH2OH

S

S

gl i o t oqs i ni  
 
mJavaTa qloranhidridebis miRebis meTodebidan mniSvnelovan da 

gacile biT xelsayrel meTods warmoadgens karbonmJavebis urTierTqmedeba 
araorganul qloranhidridebTan: POCl3, PCl5, SOCl2 [213]. cnobilia aseve 
karbonmJavas natriumis marilebis araorganul qloranhidridebTa n an ufro 
iSviaTad gamoyenebuli Ł esterebisa  da Tionilqloridis  urTierTqmedebiT 
qlor anhidridebis sinTezis meTodebi [214 ]. 

5-fenil -indol -2-il -karbonmJavas (20) axali nawarmebis miRebis mizniT 
Cven mier aprobirebuli iqna 5 -fenilindol -2-il -karbonmJavas qloranhidridis 
(71) sinTezi iseTi agentebiT, rogorebicaa: POCl3, PCl5, SOCl2. 

eqsperimentulma Sedegebma aCvena, rom 71 -e naerTis misaRebad POCl3 da 
PCl5 gamoyenebis SemTxvevaSi sareaqcio masis mniSvnelovani Sefisvis gamo miz -
nobrivi qloranhidridis gamoyofa garTulda. CvenTvis warmatebuli aRmoCnda 
cnobili meTodi [2 15], romelSic maqlorirebeli agentia Tionil qlo ri di.  

reaqcias vatarebdiT absolutur dioqsanSi 45 °C-ze 3 -sT ganmavlobaSi. 
sareaqcio narevidan gamxsnelis aorTqlebis Semdeg mSral naSTs vxsnidiT 
absolutur benzolSi da produqts vleqavdiT absoluturi heqsaniT. reaqciis 
Sedegad qimiurad sufTa indol -2-il -karbonmJavas qloranhidridi (71) TiTqmis 
raodenobrivi gamosavlianobiT miiReba (sqema 24).  

rogorc zemoT aRvniSneT, karbonmJavaTa qloranhidridebis gardaqmnis 
SesaZleblobebi mravalmxrivia. maT Soris mniSvnelovania maTi urTierTqm ede-
ba aminonaerTebTan, ramdenadac acilirebis produqtebi sainteresoa ara mxo -
lod potenciuri biologiuri aqtiurobis, aramed mniSvnelovania bisindo le -
bis sinTezis  TvalsazrisiTac.  

5-fenilindol -2-il -karbonmJavas qloranhidridis (71) safuZvelze, Cven 
mier, miRe bulia [21 6] hidrazidebisa da amidebis rigi (sqema 24). 
qloranhidridiT aminofunqciis naer Tebis (p -sulf anili amidi, izonikotinis 
mJavas amidi, p -aminoacetofenoni, antranilis mJava , 1-naftilamini) acilirebas 
vatarebdiT ab so lu tur dioqsanSi oTaxis temperatura ze HCl-is aqceptoris _ 
trieTil aminis Tanaobisas.  

qromatografiulad sufTa produqtebis (72 -76) gamosavlianobam Seadgina 
50-95%. 

72-76 naerTebis infrawiTel speqtrSi (vazelinis zeT Si ) SeimCneva NH 
jgufebisTvis damaxasiaTebeli or -ori STanTqmis zoli Ł indoluri 3320 sm-1  
(72), 3340 sm-1 (74,75) da 3270sm-1 (76) da amiduri Ł 3360sm-1 (72,75), 3280sm-1 Ł (74), 
3180sm-1 ubanSi (76). amiduri C=O mJRavndeba 1690sm-1 (72,75,76), 1700sm-1 ubanSi (74).  
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73-e nivTierebis dasaxasiaTeblad SemovifarglebiT mxolod iw speqtris 
monacemebiT, vinaidan am naerTis gasufTaveba gaZnelda. iw speqtrSi 72, 74 -76 
naerTebis iw speqtrebis msgavsad SeimCneva NH jgufisTvis damaxasiaTebeli 
ori STanTqmis zoli Sesabamisad 3330 ( NHind) da 3280 ( NHamid)  sm -1 ubanSi. 
hidrazidis C=O jgufis STanTqma mJRavndeba 1690 sm-1 ubanSi.  

am naerTebis ui speqtrebis saSualotalRovan ubanSi aris erTnairi 
STanTqmis maqsimumebi 262 nm-ze (mx) (72), 74, 266 nm-ze (76) da 267 nm -ze (75), 
romlebic yvelaze maRalintensiur maqsimumebs warmoadgenen 72 -e nivTierebis 
speqtri s garda, romelSic yvelaze maRalintensiuria 272 nm -ze mdebare 
maqsimumi. grZeltalRovan ubanSi mxolod 72 -e nivTierebas aqvs gamokveTili 
STanTqmis maqsimumi 318 nm-ze, danarCenebis ui speqtrebis am ubanSi maqsimumebi 
SeiniSneba mxaris saxiT. 72 -e nivTierebis gamokveTili maqsimumi, Cveni azriT, 
albaT sulfamiduri jgufis STanTqmiTaa gamowveuli.  

 
 
sqema 24 
 

N
H

COOH

Ph

N
H

COCI

Ph

SOCI2

20 71

N
H

COR

Ph

72-76

72 R=NH-C6H4SO2NH2
73 R=NH-NH-CO- N 74 R=NH-C6H4-COCH3 75 R=NH-C6H4-COOH 76 R=NH-

 

 

72-e, 74-76-e naerTTa 1
H-bmr speqtrebi s monacemebi motanilia cxrilSi 7. 

72-e nivTierebis 1
H-bmr speqtrSi (dimeTilsulfoqsidSi) (cxrili 8) 

indoluri da amiduri NH signalebi mJRavndeba 10.62 da 11.93 vmn ubnebSi ori 
singletis saxiT.  

76-e nivTierebis indoluri NH mJRavndeba 10.22, xolo amiduri  NH 11.38. 

Zlieri velis ubanSi 6.67 mJRavndeba 3H protonis dubleturi signali  J13 2.0 
hc, 8.0 Ł indolis bi rTvis 4H protonebi singletis saxiT, danarCeni 
aromatuli protonebis calsaxa mikuTvneba gaZnelebulia, vinaidan isini 
qmnian rTul multiplets 7.6 -7.85 vmn ubanSi (J46 1.6 hc, J67 7.5 hc).  
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2.4.    2 -(2',5'-dihidroqsi fe nil )indolisa da misi 5 -Canacvlebuli 
nawarmebis antioqsidanturi aqtiuroba  

 
 
 

antioqsid anturi  aqtiurobis  (antioqsidanturi  potenciali )  gasazomad 

viyenebdiT  eleqtronul ïparamagnituri  rezonansis  (epr ) meTods . 

antioqsidanturi  aqtiuroba  gazomil  iqna fremis  marilis  (K2SO3)2NO gamoyenebiT 

aRwerili  meTodikis  mixedviT  [217]. meTods  safuZvlad  udevs  antioqsidantebis  

unari  aRadginon  fremis  marilis  radikali .   
fremis marilis wyalSi gaxsnisas warmoiqmneba fremis radikali, romlis 

epr speqtri Sedgeba sam i  komponenti sagan (sami signalisagan ). Cveulebriv , 
antioqsidanturi aqti ur obis gasazomad iyeneben rezonansu l i  veli s  dabal i  
energiebis  ubanSi   mdebare signals. xsnarSi  Setanisas  antioqsidanti aRadgens 

fremis marilis radikal s, r omlis  koncetraciis Semcireb asT an erTad  

mcirdeba  Sesabamisi eprïsignalis  intesiurob a.  
sakvlevi  naerTis  antioqsidantur i  aqtiur oba fas deba mis mier fremis 

radikalis koncentraci i s, anu Sesabamisi eprïsignalis  integraluri  

intesiurob is , Semcirebis  mixedviT garkveuli drois (10  wT) ganmavlobaSi.  

gazomvebis Sedegad dadgenili iqna, rom sakvlevi nivT ierebebis  (30-32) 
damatebisas adgili aqvs fremis radikalis epr Łsignalis  integraluri 

intesi ur obis Semcirebas . aRsaniSnavia , rom es xdeba drois mcire monakveTis 

gamnavlobaSi (daaxlooebiT 1 wT) . Semdeg, axali  ulufis  damatebamde, eprï

signalis  intesi ur oba TiTqmis ucvleli rCeba  (ix . nax. 21-23). sakvlevi nivTi ere -
bis morigi ulufis damatebisas aRwerili suraTi meordeba.    

rogorc  wesi , antioqsidanturi aqti ur oba izomeba antioqsidantis mier 

fremis marilis radikalebis koncentraciis SemcirebiT drois erTeulSi . 

samwuxarod , sakvlevi nimuSebis mcire  xsnadobis  gamo ver  moxerxda  maTi 

antioqsi danturi  aqtiurobis  raodenobrivi  gansazRvra .   
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nax. 21. epr speqtri : a - fremis marilis wyalxsnaris epr speqtri ,  

b - fremis marilis wyalxsnaris epr speqtri 2-(2',5'-dihidroqsifenil)indolis 
(30) damatebis  Semdeg  
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nax. 22. epr speqtri : a - fremis marilis wyalxsnaris epr speqtri ; b  - fremis 
marilis wyalxsnaris epr speqtri  2-(2',5'-dihidroqsifenil) -5-meTilindolis  

(31) damatebis Semdeg   
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nax. 23. epr speqtri : a - fremis marilis wyalxsnaris epr speqtri ; b -fremis 
marilis wyalxsnaris epr speqtri  2-(2',5'-dihidroqsifenil) -5-qlorindolis  

(32) damatebis  Semdeg 
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Tavi 3. eqsperimentuli nawili  

 
reaqciis msvlelobis da naerTTa sis ufTavis kontrols , agreTve Rf-is 

mniSvnelobebis gansazRvras vawarmoebdiT Silufol UV-254 firfitebze. svet is 
qromatografiisaTvis sorbentad viyenebdiT silikagels nawilakebis zomiT 
100-250 da 100-160 mkm. 

infrawiTeli speqtrebi gadaRebulia xelsawyoze UR-20 da  FTIR- 

speqtrometrze Ł `Thermo Nikoletò, AVATAR 370; STanTqmis eleqtronuli speqtre -
bi Ł speqtrofotometrebz e Specord UV da  ñVARIANò, CARRY 100; bmr speqtrebi Ł 
speqtro fotometrze Brucker ï 400 da  Tasla BS-467. qimiuri wanacvle bebis sidideebi 
gazomilia Sinagani standartis Ł tetrameTilsilanis mimarT 0.01 m.n. 
sizustiT. mas -speqtrebi registrirebulia speqtrometr ze Varian MAT-31 da  MX-

1321A maionizirebeli eleqtronebis energia 70 ev.  

 
piroyuZnismJ avas eTilis  esteris  difenilhidrazoni (8) . 5.8 g (50 mmoli) 
piroyuZnismJavas eTilis  esteris xsnars 40 ml eTanolSi umate ben 11.25 g (50 
mmoli) 4 -hidrazinodifenilis hidroql oridis (1) xsnars (40 -50o

C) 500 ml wyal -
Si da 4 -5 wveT ZmarmJavas. ureven 2 sT -is ganmavlobaSi oTaxis temperaturaze. 
f il traven, naleqs recxaven wyliT neitralur reaqciamde da aSroben. moyvi -
Talo kristalebs xsnian benzolSi  (100 ml)  da leqaven mcire raodeno ba 
heqsaniT. filtraven, recxaven heqsaniT, aSroben. gamosavlianoba 8g , (57%). TlR.  

97-98 o
C.  Rf 0,15 (benzoli). i w speqtri, n, sm-1, ( KBr): 1674 (CO), 1610 (C=N), 2800-3000 

(CHarom ), 3294 (NHhidrazonuli). ui  speqtri, lmax (lge): 204 (4,23), 267 (3,76), 338nm 

(4,37). 1H-bmr speqtri, (D6-dmso), d, vmn, J, hc: 9,94 (s,  1H, NH), 7,42 (t, 2H, b'H), 7,29 
(t, 1H, c'H), 7,28-7,65 (m, 9H), 1,27 (t, 3 H, CH3, J=7,09), 4,19 (k, 2H, CH2, J=6,9).  13C-bmr 

speqtri (D6-dmso), d, m.n.: 164,88; 143,86; 139,91; 132,56; 132,12; 128,89; 128,80; 127,27; 126,55; 
125,90; 114,12; 60,24; 14,26; 11,84. napovnia %: C 72,2; H 6,41; N 9,8; M

+
 282. C17H18N2O2. 

gamoTvlilia %: C 72,3; H 6,42; N 9,92; M 282,34. 
2-eToqsikarbonil -5-fenilindoli (14) . 6g (21,3 mmoli) piroyuZnismJavas eTilis  
est eris difenilhidrazons (8) umateben 60 g pfmee -s da acxeleben 80 o

C 20 wT-
is ganmavlobaSi. aciveben. wvrili  WavliT asxamen 1 l wyalSi, filtraven, 
naleqs recxaven neitralur reaqciamde da aSroben. gamosavlianoba 4,7g (95%). 
asufTaveben qromatografiul svetze. eluenti Ł heqsani. gamosavlianoba _ 4,6 
g, (58%). ufero kristalebi. TlR. 174-175oC. (TlR. 174-175oC [158]). Rf 0,8 (acetoni -

benzoli, 1:5).  i w speqtri, n, sm-1, ( KBr): 3309 (NH), 1689 (C=O). ui speqtri, lmax 

(lge): 206 (3,69); 260 (3,90); 300 nm (3,54). napovnia %: C 76,95; H 5,65; N 5,25. C17H15NO2.   

gamoTvlilia %: C 76,98; H 5,66; N 5, 28; M 265,31.  
(8-13) hidrazonebis sinTezis zogadi meTodi . 8-13 hidrazonebs Rebuloben me -8 
nivTierebisaTvis aRwerili meTodis msgavsad (1 0 mmoli) acetofenonis 
nawarmisa (2 -7) da (1 0 mmoli)  4-hidrazinodifenilis hidroqloridisagan (1). 
miRebuli naerTebi gasufTavebis gareSe SehyavT ciklizaciis reaqciaSi.  
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2,5-difenilindoli  (15). meTodi a.  1,2 g (10 mmoli) acetofenonis (3), 2,43 g (11 
mmoli) 4 -hidrazinodifenilis hidroqloridisa  (1) da 40 g pfm -s narevs ureven 
80o

C-ze 45 wT-is ganmavlobaSi. sareaqcio narevs aciveben da asxamen 500 ml 
yinulian wyalSi. naleqs filtraven, recxaven neitralur reaqciamde, aSroben 
da akristaleben (heqsani -benzoli, 1:3) narevidan. gamosavlianoba _ 0,8 g , (27%). 

ufero kristalebi. TlR. 196oC. Rf 0,26 (heqsani-eTeri, 3:1).  iw speqtri, n, sm-1, 

(vazelini s zeTi ): 3410 (NH). ui  speqtri, lmax (lge): 215 (4,4), 223 (4,58), 272 (4,2), 323 nm 
(3,52). napovnia %: C 89,18; H 5,60; N 5,21. C20H15N. gamoTvlilia %: C 89,19; H 5,61; N 

5,20; M 269,34. 
meTodi b . 2,6 g (10 mmoli) acetofenonis difenilhidrazons (9), gasufTavebis 
gareSe, umateben 20 g pfm -s da narevs acxeleben 80 o

C-ze 45 wT-is ganmavlobaSi. 
gacivebis Semdeg asxamen 400 ml yinulian wyalSi. naleqs filtraven, recxaven 
neitralur reaqciamde, aSroben da akristaleben (heqsani -benzoli, 1:3) 
narevidan. gamosavlianoba _ 0,8 g , (27%). ufero kristalebi. TlR. 196oC. Rf 0,26 

(heqsani-eTeri, 3:1).  
2-(p-nitrofenil) -5-fenilindoli (16) . meTodi a.  Rebuloben 2,5 -difenilindolis 
(15) analo giurad 1,65 g (10 mmoli) p -nitro acetofenonis a (4) da 2,43 g (11 
mmoli) 4 -hidrazinodifenilis hidroqloridisagan (1)  80o

C-ze. gamosavlianoba _ 
0,37 g, (12%). yviTeli kristalebi (benzolidan). TlR. 204o

C. Rf 0,36 (benzoli). iw  

speqtri, n, sm-1, (vazelini s zeTi ): 3430 (NH), 1350, 1520 (NO2). ui  speqtri, lmax (lge): 

212 (4,44), 229 (4,45), 280 (3,40), 316 nm (3,34). 13C-bmr speqtri (D6-dmso), d, m.n.: 145,61; 
141,68; 138,38; 137,33; 135,55; 132,52; 128,71; 128,01; 126,46; 125,62; 125,03; 123,61; 122,17; 118,48; 
111,54; 102,01. napovnia %: C 76,51; H 4,48; N 8,91. C20H14N2O2. gamoTvlilia %: C 76,50; H 

4,49; N 8,92; M 314,34. 
meTodi b.  Rebuloben 2,5 -difenilindolis (15) analogiurad 3,1 (10 mmoli)  p-
nitroacetofenonis difenilhidrazonisagan (10) 80 o

C-ze. gamosavlianoba _ 0,37 
g, (12%). yviTeli kristalebi (benzolidan). TlR. 204o

C. Rf 0,36 (benzoli).   
2-(p-meToqsifenil) -5-fenilindoli (17) . meTodi a.  Rebuloben 2,5 -difenil indo -
lis (15) analogiurad 1,5 g (10 mmoli) p -meToqsiacetofenonis a (5) da 2,43 g (11 
mmoli) 4 -hidrazin odifenilis hidroqloridisagan (1)  85o

C-ze. produqts asuf -
Taveben qromatografiul svetze. eluenti Ł benzoli.  gamosavlianoba _ 0,9 g , 

(30%). ufero kristalebi. TlR. 210-211oC. Rf 0,9 (benzoli). iw  speqtri, n, sm-1, 

(vazelini s zeTi ): 3425 (NH). ui  speqtri, lmax (lg e): 214 (4,54), 227 (4,46), 286 (3,48), 316 

nm (3,34). napovnia %: C 84,24; H 5,70; N 4,69. C21H17NO. gamoTvlilia , %: C 84,25; H 5,72; 

N 4,68; M 299,37. 
meTodi b.  Rebuloben 2,5 -difenilindolis (15) analogiurad 2,9 g (10 mmoli)  p-
meToqsiacetofenonis di fenilhidrazonisagan (11) 85 o

C-ze. gamosavlianoba _ 0,9 
g, (30%). ufero kristalebi. TlR. 210-211oC. Rf 0,9 (benzoli).  
2-(p-bromfenil) -5-fenilindoli (18) . meTodi a.  Rebuloben 2,5 -difenilindolis 
(15) analogiurad 1,99 g (10 mmoli) p -bromacetofenonis a (6) da 2, 43 g (11 mmoli) 
4-hidrazinodifenilis hidroqloridisagan (1)  90o

C-ze. gamosavlianoba _ 1,39 g , 
(40%). ufero kristalebi (heqsanidan). TlR. 198-199oC. Rf 0,28 (benzoli -heqsani, 1:2). 

iw  speqtri, n, sm-1, (vazelini s zeTi ): 3430 (NH). ui speqtri, lmax (lge): 211 (4,40); 226 
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(4,26); 272 (3,78), 325 nm (3,59). napovnia %: C 68,97; H 4,08; N 4,03. C20H14NBr. gamo-
Tvlilia %: C 68,98; H 4,05; N 4,02; M 348,34. 
meTodi b.  Rebuloben 2,5 -difenilindolis (15) analogiurad 2,9 g (10 mmoli)  p-
bromacetofenonis difenilhidrazoni sagan (12) 90o

C-ze. gamosavlianoba _ 1,39 g , 
(40%). ufero kristalebi (heqsanidan). TlR. 198-199oC. Rf 0,28 (benzoli -heqsani, 1:2). 
2-(dibenzil -4-il) -5-fenilindoli (19) . meTodi a.  Rebuloben  2,5-difenil in do -
lis (15) analogiurad 2 ,24 g (10 mmoli) 4 -acetildi benzilisa  (7) da 2,43 g (11 
mmoli) 4 -hidrazinodifenilis hidroqloridisagan (1) 110oC-ze. gamosavlianoba  
_ 1,12 g, (30%). ufero kristalebi  (benzolidan). TlR. 200-201oC. Rf 0,32 (heqsani-eTe-

ri, 2:1).  iw  speqtri, n, sm-1, (vazelini s zeTi ): 3452 (NH). ui  speqt ri, lmax (lge): 215 

(4,41); 245 (4,13); 313 nm (4,30). napovnia %: C 90,07; H 6,18; N 3,74. C28H23N. gamoTvlilia 
%: C 90,04; H 6,21; N 3,75; M 373,49. 
meTodi b.  Rebuloben 2,5 -difenilindolis (15) analogiurad 4,4 g (10 mmoli)  4-
acetildibenzilis difenilhidraz onisagan (13) 110o

C-ze. gamosavlianoba  _ 1,12 
g, (30%). ufero kristalebi  (benzolidan). TlR. 200-201oC. Rf 0,32 (heqsani-eTeri, 2:1).  

2-hidroqsikarbonil -5-fenilindoli  (20). 0,8 g (3 mmoli) 2 -eToqsikarbonil -5-fe -
nil indolis (14), 200 ml (10%) natriumis hidro qsidisa da izopropilis 
spirtis suspenzias aduReben 3 sT -is ganmavlobaSi. xsnars aciveben, filtraven 
da SeamJaveben 2N HCl-iT ( pH 1). filtraven, naleqs recxaven wyliT neitralur 
reaqciamde da aSroben. gamosavlianoba  _ 0,57 g (80%). TlR. 245-246o

C. (TlR. 245-

246o
C  [158]). Rf 0,61 (benzoli -eTeri, 2:1).  iw  speqtri, n, sm-1, ( KBr): 3330 (NH), 1715 

(C=O). ui  speqtri, lmax (lge): 250 (3,31), 273 (3,86), 305(mx) nm (3,58). 13C-bmr speqtri 

(D6-dmso), d, m.n.: 163,5; 141,67; 136,43; 132,4; 130,1; 128,03; 127,32; 126,47; 125,62; 123,04; 
119,36; 112,53; 106,77.  napovnia %: C 75,92; H 4,68. C15H11NO2. gamoTvlilia %: C 75,94; H 

4,67; M 237,25. 
5-fenilindoli (21) . 0,7 g (3 mmoli) 2 -hidroqsikarbonil -5-fenilindolis nal -
RobSi 245 -250o

C-ze 4-5 wuTis ganmavlobaSi atareben argo ns da aduReben CO2-is 
gamoyofis Sewyvetamde. gamosavlianoba _ 0,31 g (55%) TlR. 69-70o

C. (TlR. 245-246o
C 

[158]). Rf 0,63 (benzoli).  
2-(2',5'-dihidroqsifenil) indoli  (30). meTodi (a).  7,6 g (50 mmoli) 2,5 -dihidroq si -
acetofenonis (25), 5,4 g (50 mmoli) feni lhidrazinisa (1) da 49 g pfm -s narevs 
ureven 120 -125oC-ze  20 wT-is ganmavlobaSi, aciveben da asxamen 1 l yinulian 
wyal Si. naleqs filtraven, recxaven wyliT neitralur reaqciamde da aSroben. 
miiReba 6,3 g. akristaleben benzolidan. gamosavlianoba  _ 5,4 g, (48%). ruxi 

kris talebi.  TlR. 161-162oC. Rf 0,49 (benzoli -eTeri, 5:1).  iw  speqtri, n, sm-1, ( KBr): 

3259 (NH), 3450 (OH), 2900-3070 (CHarom ). ui  speqtri, lmax (lge): 204 (4,05), 220 (4,33), 

244 (4,2), 303 (3,91), 340 nm (4,22). 13C-bmr speqtri (D6-dmso), d, m.n.: 153.59; 149.85; 149.17; 
146.84; 136.07; 135.44; 128.05; 124.33; 120.78; 119.51; 118.98; 118.16; 115.28; 113.31; 111.29; 100.32. 

napovnia %: N 6,21. M
+
 225. C14H11NO2. gamoTvlilia %: N 6,22; M 225,24. 

meTodi (b).  1,08 g (10 mmoli) fenilhidrazinisa da 1, 52 g (10 mmoli) 2,5 -dihi d -
roq siacetofenonis narevs umateben 10 g pfm -s da ultrabgeriT zemoqmedeben  
50o

C-ze  5 wT-is ganmavlobaSi. aciveben, asxamen 300 ml wyalSi. naleqs 
filtraven, recxaven wyliT  neitralur reaqciamde da aSroben. Rebuloben 2,05 
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g. akristal eben benzolidan. gamosavlianoba Ł 1,34 g, (60%). TlR. 161-162oC. Rf 0,49 

(benzoli -eTeri, 5:1).    

2-(2',5'-dihidroqsifenil) -5-meTil i ndoli (31) . Rebuloben  30-e naerTis analo gi u-
rad 5 g (33 mmoli) 2,5 -dihidroqsia cetofenonisa (25) da 5,2 g (33 mmoli) p -to -
lil hidra zini sagan 110oC-ze. akristale ben benzolidan. gamosavlianoba _ 3,6 g , 

(45%). yviTeli  kristalebi . TlR. 173-175 oC. iw  speqtri, n, sm-1, ( KBr): 3255 (NH), 3448 

(OH), 2900-3070 (CHarom ). ui  speqtri, lmax (lge): 204 (4,18), 225 (3,99), 253 (3,63), 303 

(3,28), 340 nm (3,52).  napovnia %: N 5,84. M
+ 

239. C15H13NO2. gamoTvlilia %: N 5,86; M 

239,27. 
meTodi (b).  Rebuloben 2-(2',5'-dihidroqsifenil)indoli s (30) analogiurad  1,22 g 
(10 mmoli)  p-tolilhidra z o ni sagan 45o

C-ze  5 wT-is ganmavlobaSi.  gamosavli ano-
ba _ 1,31 g, (55%). yviTeli  kristalebi . TlR. 173-175 oC.   
2-(2',5'-dihidroqsifenil) -5-qlor indoli  (32). Rebuloben 30 -e naerTis 
analogiurad 5 g (33 mmoli) 2,5 -dihidroqsia cetofenonisa (25) da 6 g (33 mmoli) 
p-qlor fe nil hidrazi nisgan (23) 130oC-ze. akristaleben benzolidan , gamosavli a-

noba Ł 3,2 g, (40%). moyviTalo kristalebi. TlR. 167-168 o
C. iw  speqtri, n, sm-1, 

(KBr): 3260 (NH), 3452 (OH), 2900-3070 (CHarom ). ui  speqtri, lmax (lge): 204 (3,74), 222 

(4,30), 246 (4,17), 310 (3,99), 340 nm (4,22). napovnia %:  N 5,47. M
+
 259. C14H10NO2Cl. 

gamoTvlilia %: N 5,46; M 259,69.  
meTodi (b).  Rebuloben 2-(2',5'-dihidroqsifenil)indoli s (30) analogiurad  1,43 g 
(10 mmoli) p -qlorfenilhidrazinisgan (23) 70o

C-ze  5 wT-is ganmavlobaSi.  gamosav-
li anoba _ 1,30 g, (50%). moyviTalo kristalebi. TlR. 167-168 oC. 
p-nitroacetofenonis dibenzofuran -3-il -hidrazoni (38) . 4,1 g (25 mmoli) p -nit -
ro acetofenonis (4)  xsnars 30 ml eTanolSi umateben 5,88 g (25 mmoli) 
dibezofuran -3-il -hidrazinis (33) Tbil xsnars (50%) 400 ml wyalSi  da 4 -5 
wveT ZmarmJavas. ureven oTaxis temperaturaze 2 sT -is ganmavlobaSi. gamo yo -
fil naleqs filtraven, recxaven wyliT neitralur reaqciamde da aSroben. 
gamosavlianoba 6,8 g, (72%). wiTeli kristalebi. TlR. 74-75 o

C. Rf 0,77 (benzoli). 

iw  speqtri, n, sm-1, (KBr): 3448 (NH), 1620 (C=N), 2900-3000 (CH), 1342, 1527 (NO2). ui  

speqtri, lmax (lge): 269 (3,95), 335mx (3,35), 432nm (3,19). 13C-bmr speqtri (D6-dmso), d, 
m.n.: 157,27; 150,12; 145,46; 141,51; 139,37; 129,74; 127,71; 126,21; 125,82; 123,98; 123,81; 123,15; 
121,65; 119,99; 116,12; 111,32; 110,08.  napovnia %:   N 12,15. M

+
 345. C20H15N3O3. 

gamoTvlilia %: N 12,18; M 345,35. 
2-p-nitro fenil -3H-indol o [5,4-d]benzo [b]furani (44) . meTodi (a).  4,7 g (20 mmoli) 
di benzofuran -3-il hidrazin s (33), 3,3 g (20 mmoli) p -nitroacotofenonisa (4) 
da 70 g pfm -s narevs  ureven  90-95 o

C-ze 1 sT -is ganmavlobaSi. aciveben da as -
xamen 500 ml yinulian wyalSi. naleqs filtraven, recxaven wyliT neitralur 
reaqciamde da aSroben. asufTaveben qromatografiul svetze, eluenti Ł ben-
zo li. gamo savlianoba _ 0,69 g , (10%). yviTeli kristalebi. TlR. 275-276o

C. Rf 0,5 

(benzoli).  iw  speqtri, n, sm-1, ( KBr): 3420 (NH), 2900-3000 (CH), 1342, 1527 (NO2). ui  

speqtri, lmax (lge): 268 (3,83), 335 (mx) nm (3,38). napovnia %:   N 8,53. M
+
 328. C20H12N2O3. 

gamoTvlilia %: N 8,54; M 328,32. 
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meTodi (b).  3 g (10 mmoli) hidrazonisa (38) da 20 g pfm -s narevs ureven 90 -95o
C-

ze 1 sT -is ganmavlobaSi. aciveben da amuSaveben (a) meTodis mixedviT.  
gamosavlianoba _ 0,69 g , (10%). yviTeli kristalebi. TlR. 275-276o

C. Rf 0,5 

(benzoli).  
2-eToqsikarbo nil -3-formil -5-fenilindoli (45) . -5o

C-mde gacivebul  50 ml  ax-
lad gamoxdil dimeTilformamids morevis pirobebSi wveTobiT umateben 3,84 g 
(25 mmoli) POCl3-s. warmoqmnil kompleqss oTaxis temperaturaze ureven 1 sT -is 
ganmavlobaSi. Semdeg is ev aciveben -5 o

C-mde. miRebul vardisfer xsnars wve To -
biT umateben 1,3 g (5 mmoli) 2 -eToqsikarbonil -5-fenilindolis (14) xsnars 10 
ml dimeTilformamidSi. sareaqcio narevs ureven 60 o

C-ze 3sT -is ganmavlobaSi. 
aci veben da asxamen 100 g dawiladebul yinulze. Se atutianeben ( pH 10). naleqs 
filtraven. recxaven neitralur reaqciamde da aSroben. akristaleben benzo -
li dan. gamosavlianoba _ 1,26 g , (88%). moyviTalo kristalebi. TdaSl. >220o

C. Rf 

0,53 (benzoli -eTeri, 2:1).  iw  speqtri, n, sm-1, ( KBr): 3409 (NH), 3178 (CHald eh), 1635 

(COaldeh),  1712 (esteruli ). ui  speqtri, lmax (lge): 268 (3,79), 329 nm (3,57). 13C-bmr 

speqtri  (D6-dmso), d, m.n.: 187,80; 160,29; 140,91; 136,26; 135,47; 133,46; 129,17; 128,96; 
127,09; 126,68; 120,26; 120,06; 118,78; 113,88; 113,66; 62,07; 14,27.  napovnia %: C 73,79; H 5,16; 

N 4,78. M
+
 293. C18H15NO3. gamoTvlilia %: C 73,78; H 5,14; N 4,76; M 293,32. 

2-eToqsikarbinil -3-dimeTilaminomeTil -5-fenilindoli (46) . 0o
C-ze gacivebul 3 

ml dimeTilaminis 33% -ian wyalxsnar s nel -nela umateben 1,3 ml ZmarmJava s da 
1,5 g (20 mmoli) 40% -ian formalins. miRebul xsnars amateben 0,53 g (2 mmoli ) 2 -
eToqsikarbinil -5-fenilindolis (14) xsnars 8 ml ZmarmJavaSi. acxeleben 90 o

C-

mde da ureven 2 sT -is ganmavlobaSi. aciveben, asxamen 100 g dawiladebul 
yinulze da Seatutianeben (pH 10). warmoqmnil naleqs filtraven, recxaven 
wyliT neitralur reaqciamde da aSroben KOH-ze. gamosavlianoba _ 0,4 g , 

(62%). ufero kristalebi. TlR. 128-129oC. Rf 0,30 (benzoli).  iw  speqtri, n, sm-1, ( KBr): 

3317 (NH), 1674 (CO), 2800-3000  (CHarom). ui  speqt ri, lmax (lge): 206 (3,70). 261 (3,91), 

306 nm (3,50). 13C-bmr speqtri (D6-dmso), d, m.n.: 161,66; 141,35; 135,72; 132,09; 128,82; 
126,71; 126,49; 125,09; 119,28; 112,83; 60,32; 52,43; 45,12; 14,26.  napovnia %: C 74,60; H 6,88; N 

8,7. M
+ 
322. C20H22N2O2. gamoTvlilia %: C 74,59; H 6,85; N 8,69; M 322,40. 

2-eToqsikarbinil -3-dimeTilaminomeTil -5-fenilindolis hidroqloridi (47) . 
0,322 g (1 mmoli) 2-eToqsikarbinil -3-dimeTilaminomeTil -5-fenilindolis  (46) 
xsnars 100 ml absolutur meTanolSi umateben  15 ml 33% mSrali  HCl-is 
spirtxsnars da ureven 2 sT -is ganmavlobaSi oTaxis temperaturaze. Semdeg 
umateben 200 ml mSral eTers. naleqs filtraven, recxaven mSrali eTeriT da 
aSroben vakuumSi. gamosavlianoba Ł 0,3 g, (90%). TeTri kristalebi. TlR. 140-

142oC. Rf 0,35 (benzoli).  iw  speqtri, n, sm-1, ( KBr): 3309 (NH), 1697 (CO), 2800-3000  
(CHarom), 2700 ( +

NH(CH3)2). 
2-(2',5'-dihidroqsifenil) -3-fenilazoindoli (48) . 0,09 g  (1 mmoli) anilinis dia -
zo tirebiT miRebul xsnars umateben natriumis acetatis najer xsnars ( pH 6), 
wveTobiT da  morevis pirobebSi umateben 0,225 g (1 mmoli) 2 -(2',5'-dihid roq si fe -
nil)indolis (30) xsnars 30 ml eTanolSi. ureven 0 o

C-ze 30 wuTis ganmav -
lobaSi. sareaqcio narevi gadaaqvT 500 ml yinulian wyalSi, gamoyofil 
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naleqs filtraven da aSroben. gamosavlianoba _ 0 ,31 g, (92%). mura feris 

kristalebi. TdaSl. >300oC. Rf 0,31 (benzoli -eTeri, 1:1). iw  speqtri, n, sm-1, ( KBr): 

1612 (N=N), 3417 (NH). ui  speqtri, lmax (lge): 212 (3,43), 261mx (3,59), 296 (3,75), 303 
(3,48), 350mx (3,46), 424 nm (3,27). napovnia %: C 73,00; H 4,57. C20H15N3O2. gamoTvlilia 
%: C 73,01; H 4.60; M 329,35. 
2-(2',5'-dihidroqsifenil) -3-p-qlorfenilazoindoli (49) . Rebuloben 2-(2',5'-dihid -
roq si fenil) -3-feni lazoindolis (48) analogi urad  0,225 g (1 mmoli) 2 -(2',5'- 
dihidroqsifenil)indolisa (30) da 0 ,13 g (1 mmoli) p -qloranilinisagan. gamo -
savlianoba _ 0,30 g , (83%). mura feris kristalebi. TdaSl. >330oC 

. Rf 0,30 (benzoli -

eTeri, 1:1). iw  speqtri, n, sm-1, ( KBr): 1613 (N=N), 3400 (NH), 3230 (OH). ui  speqtri, 

lmax (lge): 204 (4,58), 294 (4,26), 351 (4,07), 4,45nm (3,96). napovnia %: . C 66,17; H 3,87. 

C20H14N3O2CI. gamoTvlilia %: C 66,18; H 3,89; M 467,26. 
2-(2',5'-dihidroqsifenil) -3-p-nitrofenilazoindoli (50) . Rebuloben 48 -e naerTis 
analogiurad  0,225 g (1 mmoli) 2-(2',5'-dihidroqsifenil )indolisa (30) da 0,14 g 
(1 mmoli) p -nitroanilinisgan. gamosavlianoba _ 0,50 g , (54%). wiTeli kris ta le -

bi. . TdaSl. >300oC. Rf 0,50 (benzoli -eTeri, 2:1). iw  speqtri, n, sm-1, ( KBr): 1610 (N=N), 

3420 (NH), 1332, 1510 (NO2). ui  speqtri, lmax (lge): 204 (4,43), 260 (4,12), 300 (4,09), 445 nm 
(3,62). napovnia %: C 64,22; H 3,76. C20H14N4O4. gamoTvlilia %: C 64,23; H 3,77; M 

374,35. 
2-(2',5'-dihidroqsifenil) -3-p-sulfamidofenilazoindoli (51) . Rebuloben 48 -e na-
erTis analogiurad  0,225 g (1 mmoli) 2-(2',5'-dihidroqsifenil )indolisa (30) da 
0,17 g (1 mmoli) p -sulfamidoanilisagan.  gamosavlianoba _ 0,40 g , (54%).  mura 

fe ris kristalebi. TdaSl. >320oC. Rf 0,49 (benzoli -eTeri, 1:1). iw  speqtri, n, sm-1, 

(KBr): 1612 (N=N), 3332 (NH). ui  speqtri, lmax (lg e): 208 (4,12), 270 (3,64), 303 (3,73), 

251mx (3,50), 430nm (3,55). napovnia %: C 58,86; H 4,03. C20H16N4O4S. gamoTvlilia %: C 

58,88; H 4.00; M 408,43. 
2-(2',5'-dihidroqsifenil) -3-fenilazo -5-meTilindoli (52) . Rebuloben 48 -e near -
Tis analogiurad  0,239 g (1 mmoli) 2-(2',5'-dihidroqsifenil )-5-meTilindolisa 
(31) da 0,09 g (1 mmoli)  anilinisagan.  gamosavlianoba _ 0,25 g , (70%). mura feris 

kris talebi. TdaSl. >300oC. Rf 0,56 (benzoli -eTeri, 1:1).  iw  speqtri, n, sm-1, ( KBr): 

1620 (N=N), 3410 (NH). ui  speqtri, lmax (lge): 204 (4,34), 260 (3,72), 296 (3,31), 303 (3,25), 
338 (mx) (3,51), 352 (mx) (3,46), 420 nm (3,39). napovnia %: C 73,50; H 5,03. C21H17N3O2. 

gamoTvlilia %: C 73,53; H 4,99; M 343,38. 
2-(2',5'-dihidroqsifenil) -3-p-qlorfenilazo -5-meTilindoli (53) . Rebuloben 48 -e 
naerTis analogiurad  0,23 9 g (1 mmoli) 2 -(2',5'- dihidroqsifenil) -5-meTil in do -
lisa (31) da 0,13 g (1 mmoli) p -qloranilinisagan.  gamosavlianoba _ 0,38 g , (79%).  

mura feris kristalebi. TdaSl. >330oC. Rf 0,53 (benzoli -eTeri, 2:1). iw  speqtri, n, 

sm-1, ( KBr): 1612 (N=N), 3286 (NH), 3386, 3417 (OH). ui  speqtri, lmax (lge): 204 (4,39), 222 

(4,31), 252 (4,10), 312 (4,13), 417 nm (3,92).  napovnia %: C 66,88; H 4,24. C21H16N3O2CI. 

gamoTvlilia %: C 66,90; H 4.27; M 481,29. 
2-(2',5'-dihidroqsifenil) -3-nitrofenilazo -5-meTilindoli (54) . Rebuloben 48 -e 
naerTis analogiurad  2-(2',5'-dihidroqsifenil )-5-meTilindolisa (31)  da 0,14 g 
(1 mmoli) p -nitroanilinisgan. gamosavlianoba _ 0,25 g , (64%). mura feris kris -
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ta lebi. TdaSl. >300oC. Rf 0,44 (benzoli -eTeri, 1:1). iw  speqtri, n, sm-1, ( KBr): 1605 

(N=N), 3400 (NH), 1327, 1512 (NO2). ui  speqtri, lmax (lge): 204 (4,40), 227 (4,32), 303 (4,10), 

445 nm (3,87).  napovnia %: C 65,04; H 4,19. C21H16N4O4. gamoTvlilia %: C65,00; H 4.16; M 

388,38. 
2-(2',5'-dihidroqsifenil) -3-sulfamidofenilazo -5-meTilindoli (55) . Rebuloben 
48-e naerTis analogiurad  2-(2',5'-dihidroqsifenil )-5-meTilindolisa (31) da 0,17 
g (1 mmoli) p -sulfamidoanilisagan.  gamosavlianoba _ 0,25 g , (50%). mura feris 

kris talebi. TdaSl. >330oC. Rf 0,39 (benzoli -eTeri, 1:1).  iw  speqtri, n, sm-1, ( KBr): 

1620 (N=N), 3378 (NH). ui  speqtri, lmax (lge): 208 (4,14), 264 (3,76), 302 (3,87), 351 (3,50), 

430 nm (3,58).  napovnia %: C 60,00; H 4,17. C21H18N4O4S. gamoTvlilia %: C 59,70; H 4.29; 

M 422,46. 
N-meTil -2-eToqsikarbonil -5-fenilindoli (56) . 0,22 g (4 mmoli)  KOH-sa da 2,5 
ml dimeTilsulfoqsidis suspenzias oTaxis temperaturaze umateben 0,27 g (1 
mmoli) 2 -eToqsikarbonil -5-fenilindols (14) da ureven 1 sT -is ganmavlobaSi. 
sareaqcio narevs oTaxis temperaturaze mudmivi morevis pirobebSi umateben 
0,28 g (2 mmoli) meT iliodids. miRebul xsnars asxamen wyalSi da filtraven. 
naleqs recxaven wyliT da aSroben. gamosavlianoba _ 0,25 g , (90%). ufero 

kris talebi. TlR. 118-119oC. Rf 0,38 (heqsani-benzoli , 1:1). iw  speqtri, n, sm-1, ( KBr): 

2810 (N-CH3), 1713 (CO). ui  speqtri, lmax (lge): 207 (3,71), 262 (3,94), 302 nm (3,55).  13C-

bmr speqtri (D6-dmso), d, m.n.: 161,24; 140,84; 138,81; 132,92; 128,84; 126,70; 124,33; 120,02; 
111,40; 109,97; 60,37; 40,10; 31,68; 14,16. napovnia %: C 77,64; H 6,02, N 5,33. M

+
 279. 

C18H17NO2. gamoTvli lia %: C 77,49; H 6,09, N 5,02; M 279,33.  
2-eToqsikarbonil -3-(2',4'-dinitro)fenilazo -5-fenilindoli (57)  
I. 2,4-dinitrofenildiazoniumis tetrafTorboratis sinTezi.  2,7 g (15 mmoli) 
2,4-di nitrofenilaminis diazotirebiT miRebul nedli  diazoniumis 
hidrosulfatis  xsnarSi SeaqvT eqvimolur raodenobaze 5 -10%-iT Warbi tet ra -
fTorbor wyalbad mJavas 42%-iani xsnari. sareaqcio masas mudmivi morevis piro -
bebSi ayovneben 6 sT -is ganmavlobaSi da miRebul diazoniumis  tetra fTor bo -
ra tis kristalebis ga filtrav en, Carecxaven pH 7-mde civi wyliT da aS roben.  
II. azoSeuRlebis reaqcia.  25 ml qloroformSi SeaqvT 0,02 g (1 mmoli) dia zo -
ni umis tetrafTorborati da 1 mmoli benziltrimeTilamoniumis qloridi  
(BTMAC). diazoniumis marilis sruli gaxsnis Semdeg amateben  0,265 g (1 
mmoli)  2-eTo qsikarbonil 5-fenilindols  (14), ureven 6 sT -is ganmavlobaSi oTa -
xis temperaturaze, gamoyofil naleqs filtraven, recxaven ganzavebuli spir -
tiT ramdenjerme da aSroben. asufTaveben qromatografiul svetze. elu enti Ł 
heqsani. gamosavlianoba _ 0,09 g , (20%). Ria w iTeli kristalebi. TlR. 205-206o

C. Rf 

0,35 (benzoli ). iw  speqtri, n, sm-1, ( KBr): 3309 (NH), 1689 (CO), 1620 (N=N), 1535, 1388 

(NO2), 2850-3000 (CHarom ). ui  speqtri, lmax (lge): 410 (mx) nm (3,73).  napovnia %: N 

15,23. C23H17N5O6. gamoTvlilia %:  N 15,25; M 459,41.  

N-meTil -2-eToqsikarbonil -3-(2' ,4'-dinitro)fenilazo -5-fenilindoli (5 8). Rebu-
lo ben 57-e naerTis analogiurad 0,279 g (1 mmoli)  N-meTil -2-eToqsikarbonil -5-
fe nilindoli sagan (56). gamosavlianoba _ 0,08 g , (18%). wiTeli kristalebi. TlR. 

195-196oC. Rf 0,41 (benzoli ). iw  speqtri, n, sm-1, ( KBr): 1712 (CO), 1600 (N=N), 1558, 1335 
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(NO2). ui speqtri, lmax (lge): 567 nm (3,56).  napovnia %: N 14,77. C24H19N5O6. gamoTvli -
lia %:  N 14,79; M 473,44.  
2-eToqsikarbonil -3-izonitrozo -5-fenilindoli (59) . 0,13 g (0,5 mmoli) 2 -eToqsi -
kar bonil -5-fenilindols (14) 15 ml yinulovan ZmarmJavaSi umateben 1,72 g (25 
mmoli) NaNO2-s   da ureven 90 o

C-ze 2 sT -is ganmavlobaSi. sareaqcio narevs aci ve-
ben, anzaveben 100 ml wyliT . ajereben natriumis sulfatiT. gamoyofil naleqs 
fil tr aven, recxaven wyliT da aSroben. gamosavlianoba _ 0,13 g , (90%). yviTe-

li kristalebi.  TlR. 159-160oC. Rf 0,30 (benzoli).  iw  speqtri, n, sm-1, (vazelini ): 

3300-3600  (OH). ui  speqtri, lmax (lge): 209 (3,44), 223 (3,25), 252 nm (4,11).  napovnia %: N 

9,45. C17H14N2O3. gamoTvlilia %: N 9,53; M 294,30. 
N-eTil -2-eToqsikarbonil -5-fenilindoli (60) . Rebuloben N-meTil -2-eToqsikar -
bo nil -5-fenilindols (56) analogiurad 0,27 g (1 mmoli) 2 -eToqsikarbonil -5-
fenilindolisa (14) da 0,13 g (2 mmoli) eTilqloridisagan. gamosa vlianoba _ 
0,27 g, (92%). ufero kristalebi. TlR. 87-88o

C. Rf 0,39 (heqsani-benzoli , 1:1). iw  

speqtri, n, sm-1, ( KBr): 2870 (N-C2H5), 1710 (CO). ui  speqtri, lmax (lge): 206 (3,77), 267 

(4,29), 310 nm (3,80). 13C-bmr speqtri (D6-dmso), d, m.n.: 141,11; 137,4; 128,06; 126,49; 125,89; 
124,09; 119,97; 110,08; 109,89; 59,55; 38,95; 15,20; 13,91. napovnia %: C 77,70; H 6,61. M

+
 293. 

C19H19NO2. gamoTvlilia %: C 77,88; H 6,48; M 293,36. 
N-buTil -2-eToqsikarbonil -5-fenilindoli (61) . Rebuloben N-meTil -2-eToqsi -
kar bo nil -5-fenilindoli s (56) analogiurad  0,27 g (1 mmoli) 2-eToqsi karbonil -
5-fenilindoli sa (14) da 0,27 g (2 mmoli) buTilbromidisagan. gamosavlianoba 
_ 0,28 g , (87%). ufero kristalebi. TlR. 57-58o

C. Rf 0,40 (heqsani-benzoli , 1:1). iw  

speqtri, n, sm-1, ( KBr): 2870 (N-C4H9), 1690 (CO). ui  speqtri, lmax (lge): 215 (4,11), 256 

(4,41), 270 nm (4,85).  napovnia %: C 78,51; H 7,18. C21H23NO2. gamoTvlilia %: C 78,58; H 

7,17; M 321,41. 
N-benzil -2-eToqsikarbonil -5-fenilindoli (62) . Rebuloben N-meTil -2-eToqsi -
karbonil -5-fe nilindoli s (56) analogiurad 0,27 g (1 mmoli) 2-eToqsikarbonil -
5-fenil indoli sa (14) da 0,34 g (2 mmoli) benzilqloridisagan.  gamosavlianoba 

_ 0,28 g , (87%). ufero kristalebi. TlR. 112-113oC. iw  speqtri, n, sm-1, ( KBr): 2810-

2820 (N- CH2C6H5), 1704 (CO). u i  speqtri, lmax (lge): 205 (3,13), 279 (3,89), 302 nm (3,72). 
N-alil -2-eToqsikarbonil -5-fenilindoli (63) . Rebuloben N-meTil -2-eToqsikar -
bonil -5-fenilindoli s (56) analogiurad. 0,27 g (1 mmoli) 2-eToqsikarbonil -5-
fenilindoli sa (14) da 0,33 g (2 mmoli) aliliodi disagan.  moyviTalo siTxe. 

TduR. 55o
C.gamosavlianoba _ 0,27 g , (85%). iw speqtri, n, sm-1, ( KBr): 2810 (N- CH-

CH=CH2), 1712 (CO), 1643 (C=C), 2862-3063 (CH). ui  speqtri, lmax (lge): 249 (3,44), 282 

(4,03), 300 nm (4,12).  napovnia %: C 79,02; H 5,92, N 4,37. C20H18NO2. gamoTvlilia %: C 

78,9; H 5,83; M 304,36. 
2-eToqsikarbonil -3-formil -5-fenil indolis oqsimi (64) . 0,147 g (5 mmol i) 2-
eToq sikarbonil -3-formil -5-fenil indols (45)  20 ml dimeTilformamidSi 
umateben 0,069 g (1 mmoli) hidroqsilamin i s hidroqlorids . 80o

C-ze 5 sT -is 
duRilis Semdeg xsnars aciveben. xsnian 100 ml wyalSi, filtraven, recxaven 
wyliT, aSroben. asufTaveben qromatografiul svetze, eluenti (heqsani -benzo -
li, 1:10). gamosavlianoba Ł 0,17 g, (60%). TeTri kristalebi. TlR.  223-224o

C. Rf 0,53 

(benzoli -eTeri , 2:1). iw  speqtri, n, sm-1, (vazelini ): 3310 (NHind), 1670 ( CO), 1640 
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(C=N), 3410 (OH). ui  speqtri, lmax (lge): 272 (4,39), 322 nm (4,02).  13C-bmr speqtri (D6-

dmso), d, m.n.: 160,88; 144,60; 141,14; 136,02; 133,96; 128,88; 128,79; 128,27; 126,76; 126,68; 
126,13; 125,11; 124,75; 121,56; 114,43; 113,20; 61,00; 14,20. napovnia %: C 70,30; H 5,21, N 9,06. 

C18H16N2O3. gamoTvlilia %: C 70,13; H 5,19, N 9,09; M 308,33. 
2-eToqsikarbonil -3-formil -5-fenil indolis fenilhidrazoni (65) . 0,147 g (5 
mmoli) 2 -eToqsik arbonil -3-formil -5-fenil indol i s (45) xsnars 15 ml dimeTil -
for mamidSi umateben 0,6 ml yinulovan ZmarmJavas da 0,216 g (2 mmoli) 
axladgamoxdil fenilhidrazins. xnars ureven 1 sT -is ganmavlobaSi oTaxis 
temperaturaze. xsnian 100 ml wyalSi. gamoyofil kristalebs  filtraven, 
recxaven wyliT da aSroben.  asufTaveben qromatografiul svetze, eluenti 
(heqsani -benzoli, 1:5). gamosavlianoba Ł 0,34 g, (90%). yviTeli kristalebi. TlR.  

144-145oC. Rf 0,8 (benzoli -eTeri , 3:1).  iw  speqtri, n, sm-1, (vazelini ): 3310 (NHind), 

1670 (CO), 1640 (C=N), 3200-3300 (NHhidrazonuli). ui  speqtri, lmax (lge): 267 (3,88), 

275 (3,84), 401 nm (3,44). 13C-bmr speqtri ( (D6-dmso), d, m.n.: 161,14; 145,53; 141,29; 136,29; 
133,65; 133,37; 129,34; 129,18; 129,02; 128,97; 128,88; 126,88; 126,73; 126,53; 124,83; 124,56; 
122,06; 121,95; 118,49; 118,39; 113,09; 11,75; 60,73; 14,32. napovnia %: C 75,19; H 5,47, N 10,94. 

C24H21N3O2. gamoTvlilia %: C 75,2; H 5,48, N 10,97; M 383,44. 
2-eToqsikarbonil -3-formil -5-fenil i ndolis Tiosemikabazoni (66) . 0,08 g (3 
mmol i) 2 -eToqsikarbonil -3-formil -5-fenil indols (45) gacxelebiT xsnian 20 
ml eTanolSi, umateben 0,08 g (6 mmoli) Tiosemikarbazids da aduReben 4 sT -is 
ganmavlobaSi. xsnaris gacivebis Semdeg gamoyofil yviTel kristalebs fil -
traven, recxaven eTanoliT da aSroben.  gamosavlianoba Ł 0,08 g, (88%).  TlR.  

224-225o
C. Rf 0,41 (benzoli -eTeri , 2:1). iw  speqtri, n, sm-1, (vazelini ): 3310 

(NHind),1690 ( CO), 1640 (C=N). ui  speqtri, lmax (lge): 262 (4,3), 281 (4,39), 340 (4,2), 373 nm 

(4,0). 13C-bmr speqtri (D6-dmso), d, m.n.: 177,58; 160,83; 141,26; 140,40; 136,09; 134,30; 128,82; 
127,81; 126,98; 126,7; 125,33; 125,03; 124,70; 122,12; 121,60; 115,60; 113,18; 61,20; 14,22. napovnia 
%: C 68,3; H 5,4, N 16,72. C19H18N4O2. gamoTvlilia %: C 68,26; H 5,39, N 16,77; M 334,37. 
2-eToqsika rbonil -5-fenil -3-formilindolis izonikotinoilhidrazidi (67) . Re-
buloben 66 -e naerTis analogiurad 0,1 g (3 mmoli) aldehidisa (45) da 0,9 g  (7 
mmoli) izonikotinoilhidrazid isagan. gamosavlianoba Ł 0,12 g, (86%).  TlR.  269-

270o
C. Rf 0,47 (benzoli -eTeri , 2:1). iw  speqtri, n, sm-1, (vazelini ): 3310 (NHind), 1680 

(COamiduri ), 1640 (C=N). ui  speqtri, lmax (lge):  273 (4,36), 337 (4,09), 364 nm (4,04). 13C- 

bmr speqtri (D6-dmso), d, m.n.: 168,24; 161,44; 160,76; 150,26; 149,73; 145,09; 142,01; 141,15; 
140,71; 136,07; 134,31; 128,92; 128,84; 127,53; 126,76; 126,41; 125,23; 125,03; 122,06; 121,61; 116,31; 
113,21; 61,21; 14,29. napovnia %: C 69,7; H 4,79, N 13,5. C24H20N4O3. gamoTvlilia %: C 

69,9; H 4,85, N 13,59; M 412,44. 
3,4-dihidro -4-oqsopiridazino -[4,5-b]-8-fenil -1H-indoli (69) . 0,147 g (5 mmoli) 
aldehidis (45) suspenzias 20 ml yinulovan ZmarmJavaSi umateben 0,05  g (1 
mmoli) hidrazinhidrats da ureven oTaxis temperaturaze 30 wT -is gan mavlo ba-
Si. warmoqmnil yviTel suspenzias aduReben 1,5 sT. filtraven, naleqs rec xa-
ven civi ZmarmJaviT, Semdeg wyliT Ł neitralur reaqciamde da aSroben. akris -
ta leben dimeTilformamididan.  gamosavlianoba Ł 0,12 g, (92%).  TdaS >275oC. Rf 

0,29 (benzoli -eTeri , 2:1). iw  speqtri, n, sm-1, (vazelini ): 3400-3500 (NH), 1670 (CO), 
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1620 (C=N). ui  speqtri, lmax (lge): 275 (3,92), 320 (3,25), 330 nm (3,19). 13C-bmr speqtri 

(D6-dmso), d, m.n.: 155,69; 140,59; 138,37; 134,15; 133,76; 133,42; 132,23; 129,21; 128,90; 126,94; 
126,84; 126,26; 121,47; 119,47; 117,81; 113,34. napovnia %: C 73,65; H 4,31, N 16,04. C16H11N3O. 

gamoTvlilia %: C 73,56; H 4,21; N 16,09; M 261. 
4-qlorpiridazino -[4,5-b]-8-fenil -1H-indoli ( 70). 0,261 g (1 mmoli) naerTs (70) 
aci veben 0o

C da wveTobiT umateben 6 -7 ml civ POCl3-s. sareaqcio narevs  adu Re-
ben 7 sT -is ganmavlobaSi. reaqc iaSi Seusvlel POCl3-s aorTqleben. naSTs uma -
te ben 50 ml dieTilis eTers da ureven 30 wT. eTers acileben. naSTs umateben 
50 ml wyals da aneitraleben amoniumis tutis ganzavebuli xsnariT. gamo yo -
fil naleqs filtraven, recxaven wyliT, cxeli dimeTilformamidiT, wyliT 
da aSroben. moyviTalo kristalebi.  gamosavlianoba Ł 0,19 g, (70). TdaS >250o

C. 
5-fenil -indol -2-il -karbomJavas qloranhidridi (71) . 0,237 g (5 mmoli) 2 -hidroq -
si karbonil -5-fenilindolis (20) xsnars 50 ml absolutur dioqsanSi mudmivi 
morevis pirobebSi 0 o

C-ze wveTobiT umateben 10 ml Tionilqloridis xsnars 10 
ml absolutur dioqsanSi. ureven 45 o

C-ze 3 sT -is ganmavlobaSi. gamxsnels aor -
T qleben Semcirebuli wnevis qveS. mSral naSTs xsnian 30 ml absolutur ben -
zol Si da isev aorTqleben mSral naSTamde. am process im eoreben 2 -jer. 
naleqs isev xsnian absolutur benzolSi,  aorTqleben 15 ml -mde da gamole qa-
ven absoluturi heqsaniT. naleqs filtraven da aSroben vakum -eqsikatorSi.  
nedl i  produqt iT axdenen aminofunqciis naerTebis acilirebas.   
5-fenil -indol -2-il -karbonmJavas p-sulfamidofenilamidi (72) . 0,38 g (1,5 mmoli ) 
5-fenil indol -2-karbomJavas qloranhidridi s (71) xsnars 50 ml absolutur 
dioqsanSi umateben 50 ml trieTilamins da mudmivi morevis pirobebSi  0,34 g 
(2 mmoli) p -sulfamidoanilins. ayovneben oTaxis temperaturaze 2 sT -is ganmav-
lo baSi. anzaveneb 100 ml wyliT da aSroben.  gamosavlianoba Ł 0,34 g, (60%).  

TdaS>280o
C. Rf 0,23 (benzoli -eTeri , 2:1). iw  speqtri, n, sm-1, (vazelini ): 3320 (NHind), 

3360 (NHamid), 1690 (CO). ui  speqtri, lmax (lge): 262 (mx) (3,19), 272 (4,26), 318 nm (4,0). 
13C-bmr speqtri (D6-dmso), d, m.n.: 159,89; 141,96; 141,25; 138,53; 132,53; 128,85; 128,79; 
127,54; 126,72; 126,60; 126,49; 123,64; 119,73; 119,58; 112,89; 105,09. napovnia %: N 10,71. 

C21H17N3O3S. gamoTvlilia %:  N 10,74; M 391,44. 
5-fenil -in dol -2-il -karbonmJavas izonikotinoilhidrazidi (73) . Rebuloben 72 -e 
naer Tis analogiurad 0,27 g (2 mmoli) izonikotinis mJavas hidrazi disgan. 
gamosavlianoba Ł 0,29 g, (55%).  TdaS>190oC. Rf 0,42 (benzoli -eTeri , 2:1). iw  speqtri, 

n, sm-1, (vazelini ): 3330 (NHi nd), 3280 (NHamid), 1690 (CO). napovnia %: N 15,69. 

C21H16N4O2. gamoTvlilia %:  N 15,73; M 356,37. 
5-fenil -indol -2-il -karbonmJavas p-acetilanilidi (74) . Rebuloben 72 -e naerTis 
analogiurad 0,27 g (2 mmoli) p -aminoacetofenonisgan. gamosavlianoba Ł 0,26 g, 

(50%).  TdaS>200o
C. Rf 0,34 (benzoli -eTeri , 2:1). iw  speqtri, n, sm-1, (vazelini ): 3340 

(NHind), 3280 ( NHamid), 1700 (CO). ui  speqtri, lmax (lge): 266 (4,22), 280 nm (3,86). 
napovnia %:  N 7,8. C23H18N2O2. gamoTvlilia %: N 7,9; M 354,40. 
5-fenil -indol -2-il -kar bonmJavas p-hidroqsikarbonilfenilamidi ( 75). Rebulo -
ben 72-e naerTis analogiurad 0,27 g , (2 mmoli) o -aminobenzois  mJavasgan. 
gamosavlianoba Ł 0,45 g (85%).  TdaS>240o

C. Rf 0,51 (benzoli -eTeri , 2:1). iw  speqtri, 

n, sm-1, (vazelini ): 3340 (NHind), 3360 (NHamid), 1690 (CO). ui  speqtri, lmax (lge): 267 
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(3,35), 320 (3,19), 390 nm (). napovnia %:  N 7,84. C22H16N2O3. gamoTvlilia %: N 7,87; M 

356,37. 

5-fenil -indol -2-il -karbonmJavas a-naftilamini ( 76). Rebuloben 72 -e naerTis 
analogiurad 0,28 g , (2 mmoli) 1 -naft ilaminisgan. gamosavlianoba Ł 0,37 g (70%).  

TdaS>255oC. Rf 0,37 (benzoli -eTeri , 2:1). iw  speqtri, n, sm-1, (vazelini ): 3270 (NHind), 

3180 (NHamid), 1690 (CO). ui  speqtri, lmax (lge): 266 (4,22), 310 nm (3,86). napovnia %: N 

7,70. C25H18N2O. gamoTvlilia %:  N 7,73; M 362,42. 
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daskvnebi  
 

1. sinTezirebulia arilur fragmentSi rogorc erTi, ise ori Camnacvleblis 
mqone axali 2 - da 5 -arilindolebis rigi. mowodebulia maTi sinTezis pre -
paratuli meTodebi (e. fiSeris reaqciisa da ultrabger iTi aqtivaciis pi -
ro bebSi). dadgenilia hidrazinuli da ketonuri fragmentebis Cam nacvleb -
lebis gavlenis Tav i seburebani arilhidrazo nebis indolizaciis mimdi -
nareobaze.  

2. Seswavlilia sinTezire buli naerTebis eleqtrofiluri Canacvlebis re -
aqciebi:  

_ 2 -eToqsikar bonil -5-fenilindolisaTvis _ formilireba, aminomeTilireba, 
azo SeuRleba, nitrozireba, N-alkilireba. dadgenilia, rom am reaqciebis 

msvle lobaze a-eToqsikarbonilis jgufi axdens misTvis damaxasiaTebel gav -
le nas, xolo 5 -fenilis birTvis gavlena umniSvneloa.  
_ 2 -(2',5'-dihidroqsifenil)indolisa da misi 5 -Canacvlebuli nawarmebi saTvis 
Catarebulia formilireba, azoSeuRleba, nitrozireba.  

3. ganxorcielebulia 2 -eToqsikarbonil -3-formil -5-fenilindolis gverdiTi 
jaWvis gardaqmnis reaqciebi. Catarebulia am naerTis urTierTq medeba 

nukleofilur agentebTan. dadgenilia, rom a-eToqsikarbonilis jgufis 
eleqtronu li da sivrciTi gavlenis Sedegad es reaqciebi mimdinareobs 
maRal temperaturaze, gamonaklisia fenilhidrazinTan urTierTqmdeba, 
romelTanac mimdinareobs oTaxis temperaturaze.  

4. s inTezirebulia piridazinoindolebis axali 8-fenilnawarmi Ł sakvanZo    
naerTi axali potenciuri interkalatorebis misaRebad . 

5. Seswavlilia 2 -eToqsikarbonil -3-formil -5-fenilindolis funqciuri jgu -
fis gar daqmnebi. miRebulia 5 -fenil indol -2-karbonJavas qloranhidr idi, 
xolo mis safuZvelze indolis birTvis DSemcveli axali amidebisa da 
hidrazidebis rigi.  

6. Seswavlilia 2-eToqsikarbonil -3-formil -5-fenilindolis deformilirebis 
SesaZlebloba . naCvenebia, rom formilis jgufis moxleCa aRweril  
pirobebSi ar mimdinareobs.  

7. Seswavlilia sinTezirebuli N-alkil -2-eToqsikarbonil -5-fenilindolebis 
gadajgufeba mJava areSi. dadgenilia, rom pfm -Si  xdeba benzilis jgufis 
migracia, Tumca Warbobs moxleCis produqtebi, xolo danarCeni alkilis 
jgufebi ar gadajgufdeba.  

8.  Catarebulia azoSeuRlebi s reaqciebi tradiciul da fazaTaSorisi kata -
li zis pirobebSi. miReb ulia axali 3-arilazonaerTebis rigi.  

9. Seswavlilia 2 -(2',5'-dihidroqsi fe nil )indolisa da misi 5 -Canacvlebuli 
nawarmebis antioqsidanturi aqtiuroba . gamovlenilia maTi antioqsi dan-
turi Tvis ebebi. 
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